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Unilateral Activity and Bone and Muscle 
Development in the Forearm 


ELSWORTH R. BUSKIRK,! K. LANGE ANDERSEN,” and JOSEF BROZEK 
Laboratory of Physiological Hygiene, University of Minnesota 
Minneapolis, Minnesota 


Abstract 


Comparisons of external anthropometric and roentgenogram measurements between 
the arms of tennis players and soldiers revealed that tennis playing leads to muscular 
hypertrophy and to an increase in length of the radius and ulna in the forearm used to 
swing the tennis racket. These findings are discussed in relation to changes in body 
composition with exercise. 


KNOWLEDGE IS limited concerning the change in human body composition 
with a change in exercise regimen. Although atrophy of bone and muscle 
is known to accompany prolonged inactivity (1, 2, 6) and muscle hyper- 
trophy to accompany extensive activity (5, 10), little is known about changes 
in bone or changes in the relationships between bone and muscle with ex- 
tensive activity. Tennis players exercise one arm almost exclusively and 
mere inspection shows that they develop one arm more than the other. A com- 
parison was made of the arms of tennis players to evaluate alterations in 
muscular development and bony structure associated with extensive unilateral 
activity. In order to assess whether differences between arms of tennis play- 
ers were larger than for normal young males (non-tennis players), a group of 
soldiers was also studied. 


Procedure 


Seven nationally ranked tennis players from the Minnesota-Wisconsin-Ilowa 
area and 11 soldiers from Fort Lee, Virginia, were used as test subjects 
(Table 1). Each subject spent one afternoon in the laboratory to complete a 
series of tests and measurements. 


Results 

An initial comparison of changes in X-ray measurement differences between 
arms with slight changes in forearm placement and rotation over the X-ray 
film showed that checks within 1 mm. could be made if all films were rejected 


1Present address—Stress Physiology Branch, Quartermaster Research and Development 
Command, Natick, Massachusetts. 
2Present address—University Institute for Respiratory Physiology, Oslo, Norway. 
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TABLE 1 


Characteristics of Test Subjects 





Mean ____Range _| Mean ___ Range 
| 19-22 
180.6 171.7-184.2 172.6 | 168.0-180.3 
77.3 | 61.6-88.9 75.9 63.9-88.5 








| Tennis Players n = 7 | Soldiers n = 11 
Characteristic 





EE Rte nae 
MOP ae 


eed ord sas 24.7 21-35 20.8 





where the styloid processes on the ulnae were not in the same position for 
both arms. An appreciable error is avoided if this check is made. 

The differences found between the arms of tennis players and between the 
arms of soldiers are shown in Table 2. Hand area, third-finger length, 
wrist width and the forearm circumference measurements differed between 
the arms of the tennis players but not between the arms of the soldiers. Tennis 
players proved to be relatively stronger with their dominant hand than did 
soldiers. 

All of the tennis players had played tennis regularly winter and summer 
for at least the last seven years. None of the soldiers had engaged in any type 
of extensive unilateral activity. 

Roentgenograms were taken of the supinated hands and forearms including 
the elbow joint. This was accomplished by having the subject place his elbows 
about one inch and his hands about half an inch apart on the X-ray film while 
sitting quietly. Exposure was 10 milliampere seconds with 55 kilovolts peak 
at a distance of 72 inches. Measurements were made on the developed X-ray 
film with a rule graduated in millimeters. 

External anthropometric measurements were taken of both hands and fore- 
arms with a modified Vernier caliper, an anthropometer, and a metal tape. 
Circumferences were measured at the point of maximal circumference. Grip 
strength was measured with the standard grip-strength dynamometer. Hand 
area was obtained from planimetric measurement of a tracing made by having 
the subject place his hand flat (fingers together, palm down) on a sheet of 
paper and drawing the outline with a tracing stylus. A paired t-test was used 
to detect a difference between arms and a two-sample t-test was used to detect 
a difference between groups (11). 

Ulna length proved to be significantly different in both groups, but a 
slightly more significant difference was noted between arms of tennis players 
than soldiers. Radius length differed only in tennis players. No differences 
were observed in thickness of bone cortex, diameter of medullary cavity, or 
in the diameter of the distal or proximal heads of the radius or the ulna. 

Muscle diameter measured on the roentgenograms at mid-ulna was sig- 
nificantly different between the arms of both groups, but the difference be- 
tween the arms of tennis players was more highly significant. Thus, the differ- 
ence between arms of the computed ratio of muscle diameter to radius-ulna 
diameter measured at mid-ulna was significantly larger for the tennis players. 
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Discussion 

Although tennis playing has been cited as a unilateral activity, this state- 
ment'should be qualified. Contralateral arm movement is necessary to elevate 
the ball for the service as well as to steady the racket prior to hitting the 
ball during the volley and when hitting ground strokes, Cross-education also 
occurs (7). These factors would tend to minimize differences in development 
between the dominant and other arm. The individual who wields a racket 
with both hands simultaneously or hits a forehand shot with either hand 
could not, of course, be included in a study of this type. 

The results from both external anthropometric and roentgenological mea- 
surements showed rather conclusively that large differences existed between 
forearm musculature of the tennis players. It was of interest to note that the 
dominant forearm circumference (radial) of one tennis player was larger 
than his upper arm circumference (brachial). These differences were not as 
pronounced between the arms of soldiers although a similar pattern was 
apparent. Bony lengths were increased in the dominant forearm of tennis 
players, indicating an alteration in the osseous “growth apparatus” (9). No 
alteration in thickness due to apposition of periosteal bone could be detected. 
All of the tennis players played extensively in their teens. It is at this time 
that alterations in growth pattern associated with tennis playing probably oc- 
curred (adolescent period). Whether similar differences would be found in 
men who started playing in their 20’s or 30’s remains to be seen. It is gen- 
erally conceded, however, that changes in bone length cease at maturity (9). 

Because of the changes in muscle size, in bone length, and in the muscle to 
bone ratio with this extensive unilateral activity, it seems important that an 
effort be made to clarify the role of activity in modifying gross body 
composition. 

Some progress in this area has been made. A comparison of two groups of 
middle-aged men who exhibited jong-standing differences in the habitual 
amount of physical exercise (“active”’ and “inactive”) revealed that the 
“inactive” men were fatter and less muscular. This comparison was made on 
the basis of differences in skinfolds, in the excess of chest over abdominal 
circumference, and in body density. The “active” men were heavier and ap- 
peared “overweight”; however, the large fat-free weight of this group indi- 
cated a minimal loss of muscular tissues characteristic of the “’normal” 
process of aging in relatively inactive persons. No attempt was made to assess 
differences in bony structure in this study (3). 

It appears that body composition can be changed with habitual moderate 
and/or strenuous activity but the data are too few at the present time to 
modify the existing equations for predicting body fat from body density in 
the physically “active” man (8). The amount of total body fat in certain 
types of athletes, namely wrestlers and gymnasts, is underestimated (4). 

Unfortunately, it was impossible to make a comparison of bone cortex 
density between the arms of either group. An additional study is planned tc 
include this measure and to enlarge the present series of observations. 





Unilateral Activity and Forearm Development 


Summary 


External anthropometric and roentgenogram measurements were made of 
the hands and forearms of seven nationally ranked tennis players and 11 
soldiers. Hand area, hand width, third-finger length, wrist width, and forearm 
circumference (relaxed and contracted) differed significantly between the 
dominant and other arm of tennis players, but only hand width, wrist width 
and forearm circumference (contracted) differed between arms of soldiers. 
Radius and ulna length and distal ulna width were different between the arms 
of tennis players but only ulna length differed between arms of soldiers. 
Muscle diameter measured at mid-ulna and grip strength differed between 
arms in both groups but the differences were larger in tennis players. The 
ratio of muscle diameter to bone diameter at mid-ulna was larger between the 
arms of tennis players. Thus, considerable forearm muscular hypertrophy 
and small changes in radius and ulna length could be associated with par- 
ticipation in this vigorous unilateral activity. 
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Study of Four Programs of 
Heavy Resistance Exercises 
for Development of 
Muscular Strength 


EDWARD K. CAPEN! 
University of Tennessee 
Knoxville, Tennessee 


Abstract 


This study was concerned with determining which of four methods of weight training 
might be superior so far as strength development was concerned. Eight groups of uni- 
versity freshmen were utilized in the study and the statistical significance of the differ- 
ences in the amount of strength that was gained was determined by the use of t-formulas. 
The results of this research suggests that those methods which employ heavy weights so 
as to allow a maximum number of five executions are probably the superior methods for 
the development of muscular strength. 


FOR MANY YEARS it has been recognized that one form or another of 
heavy resistance exercise provided one of the most effective methods for the 
development of strength. Hellebrandt states that: 

It is an established physiological fact that strength can be augmented significantly 
only by contracting against a degree of resistance that calls forth maximal effort... . 
This is characterized by repetitive short bouts of exercise, each one of which approaches 
maximal effort in severity. (6) 

In recent years one form of heavy resistance exercise, that of weight train- 
ing,?, has come to the front as one of the best methods of exercise for the 
development of strength. This method has been subjected to experimental 
research to determine its relative merits as compared to other methods for 
the development of strength (1, 2, 15). At least one study has been con- 
ducted to determine whether or not weight lifting (one form of weight train- 
ing) might be deleterious in some ways as well as beneficial in other ways 
(13). In those respects thus far studied, weight training has shown satisfac- 
tory gains in the development of strength and has been responsible for a re- 
markably low incidence of injury. 

There is however, the problem of whether there might be a best method 
of weight training so far as the development of strength is concerned. This 


1The writer wishes to express his appreciation to Dr. C. H. McCloy for his helpful 
assistance throughout this study. 

2The term weight training as used in this study denotes a routine of exercises per- 
formed with heavy barbells and dumbbells. 
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question has been studied and partially answered by Henry (8), Faulkner 
(7), Teufel (18) and DeLorme (3, 4, 5,). 

This study was concerned, first, with a review of'related literature to de- 
termine the various methods of weight training that are now in use for the 
development of strength. These methods were then analyzed, and the basically 
different methods were subjected to experimental study in an attempt to 
determine the relative merits of each for the development of strength. 


Review of Literature 

In 1945, DeLorme (3) recommended that heavy resistance exercises, con- 
sisting of 70 to 100 executions, with varied weights not to exceed the ten 
execution maximum,® be utilized in prescribing exercise for the patient under- 
going physical rehabilitation. In a later publication, DeLorme (5) stated that 
through further experience he had found that 20 to 30 executions proved far 
more satisfactory than the 70 to 100 executions. The procedure that was 
recommended is as follows: 

First set of 10 repetitions: Use % of 10 repetition maximum 


Second set of 10 repetitions: Use %4 of 10 repetition maximum 
Third set of 10 repetitions: Use 10 repetition maximum (sic) 


Houtz, Parrish, and Hellebrandt (11) conducted a study concerned with 
determining the effects of DeLorme’s method of resistance exercise on 16 
female subjects. They found with these subjects that strength more than 
doubled in a four-week period of time. 

In a study conducted by Walters (19), it was found that a group of 48 
subjects performing 10 to 12 executions with a 15 execution maximum load 
gained more in strength than did a group of 46 subjects that had been 
performing 20 to 22 executions with a 25 execution maximum load. These 
results agree with DeLorme’s opinion concerning high and low number of 
executions. 

Henry (8) compared DeLorme’s method with a variation of the DeLorme 
method. This variation was as follows: 

First set of repetitions: Use 10 R.M. 

Second set of repetitions: Use 10 R.M. as many times as possible 

Third set of repetitions: Use % of 20 R.M. as many times as possible (sic) 

A rest period of three minutes occurred between each set of ten repetitions. 
There were no significant differences in the results of the two methods. 

Faulkner (7) patterned a study after Henry’s and compared the DeLorme 
method with a further variation. This variation was as follows: 

First set of 10 repetitions: Use % of 10 R.M. 

Second set of 10 repetitions: Use 10 R.M. 

Third set of 10 repetitions: Use % of 10 R.M. (sic) 


3The terminology ten execution maximum means the heaviest weight that can be used 
successfully performing an exercise a maximum number of ten times. The term ten 
repetition maximum has been widely used and generally accepted; however, “repetition” 
comes from the same root as “repeat,” hence “ten repetitions” would actually mean 11 
executions. For this reason, the word “execution” will be used in this study except in the 
case of direct quotations in which the word “repetition” is used. 
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A rest period of three minutes occurred between each set of ten repetitions. 
There were no significant differences in the results of the two methods. 

In a third study, Teufel (18) compared the DeLorme method with the 
following variation: 

Five sets of repetitions in which the subject goes all out each time using the 10 R.M. 
A rest period of three minutes occurs between each set of repetitions of this exercise. 
Teufel found that this variation of DeLorme’s method was slightly superior 
to DeLorme’s method in three of the four muscle groups that were tested, 
so far as the development of strength was concerned. 

A review of the popular type of literature (12, 17) reveals many other 
programs of weight training. However, no scientific evidence is presented 
so far as the comparative effectiveness of these various programs is concerned 
in the development of strength. Nevertheless, in the writer’s opinion, these 
programs were worthy of consideration. 

After reviewing the literature, it was found that the various recommended 
methods were really only variations of a few basic programs. These basic 
programs ranged from the type which employed extremely heavy weights 
allowing only one execution, to the program which utilized moderately heavy 
weights permitting from eight to 15 executions. A third program which re- 
quired a weight to be used that allowed five or six executions was also 
recommended. 


Procedure 
PROGRAMS 

The basic programs that were selected for this study are as follows: 

(1) 8 — 15 E.M. X 1. This type of program required the subject to select, 
for each exercise, the heaviest weight with which he could perform a maxi- 
mum number of eight executions. Using this weight, the subject then per- 
formed as many successive executions for each exercise as he could during 
each weight training period. This, with the gradual increase in strength, 
would eventually result in the ability to perform 15 executions. Upon achiev- 
ing 15 executions, a new 8 E.M. was determined and further exercise was 
undertaken to again increase the number of executions. 

(2) 8 — 15 E.M. & 1 plus 5 E.M. X 1. The first part of this program was 
performed in the same manner as in program one. The added set was accom- 
plished by the subject’s determining the heaviest weight for each exercise 
with which he could perform a maximum number of five executions and 
increasing this weight each time that a gain in strength allowed as many as six 
executions. A three-minute rest period was taken between the bouts of ex- 
ercise. 


4The abbreviation “x 1” means that a series of executions was performed only once and 
then the subject went on to another exercise. Similarly, the abbreviations “x 2” and 
“x 3” mean that a series of executions was performed two times or three times. When a 
series of executions was performed a second time this was normally called the second 
set, likewise a third series was called the third set, etc. A two- or three-minute rest 
period was required between sets. 
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(3) 5 EM. X 3. The subject selected the heaviest weight with which he 
could perform a maximum number of five executions. The subject would then 
perform three sets with this selected weight, performing as many executions as 
possible in the second and third bouts. When a sufficient gain in strength 
allowed five executions to be accomplished during each of the three sets, a 
new 5 E.M. was determined. A three-minute rest period was taken between 
sets. 

(4) 1 E.M. X 3. The subject selected the heaviest weight with which he 
could perform only one execution. After executing the exercise with the maxi- 
mum weight, the weight was decreased slightly for the second set and the sub- 
ject performed as many executions as possible. The same procedure of a slight 
decrease in weight was repeated for the third set. The subject would be able 
to perform only one, two, or possibly three executions during the second and 
third set. A three-minute rest was taken between sets. 


SUBJECTS 

The four programs that are described above were applied to eight groups 
in four varied studies. These eight groups and the studies in which they 
were a part are described below. 

Groups A and B. Group A was composed of six male university freshmen 
who participated in weight training three times each week for a period of 12 


weeks. This group of subjects utilized programs one and two in the following 
manner. Program one was used for the development of strength in the right 
forearm flexors, left forearm extensors, left arm abductors, right lower leg 
extensors, and the left lower leg flexors. Program two was used for the right 
forearm extensors, left forearm flexors, right arm abductors, right lower 
leg flexors and the left lower leg extensors.® 


Group B was also composed of six male university freshmen who par- 
ticipated in weight training three times each week for a period of 12 weeks. 
Group B utilized programs three and four in the same manner as Group A 
utlized programs one and two. Program three was used for the development 
of strength in the RFF, LFE, LAA, RLLE, and the LLLF. Program four was 
used for the development of strength in the RFE, LFF, RAA, RLLF, and the 
LLLE. 


Groups C, D, and E. Group C contained 44 male university freshmen who 
utilized program one, two times each week for a period of 12 weeks. 


5The decrease in weight ranged from two and a half pounds to five pounds for weights 
approximately 50 pounds or less. For exercises where the weight was greater than 50 or 
60 pounds, the decrease in weight ranged from five pounds to ten pounds. 

6These muscle groups will be referred to hereafter in the following abbreviated forms: 
RFF = right forearm flexors, LFE = left forearm extensors, LAA = left arm abductors, 
RLLE = right lower leg extensors, LLLF = left lower leg flexors, RFE = right fore- 
arm extensors, LFF = left forearm flexors, RAA = right arm abductors, RLLF = right 
lower leg flexors, and LLLE = left lower leg extensors. 
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Group D contained 42 male university freshmen who utilized program 
three, two times each week for a period of 12 weeks. 

Group E contained 55 male university freshmen who utilized program 
four, two times each week for a period of 12 weeks. 

Groups F and G. Group F consisted of two male university freshmen who 
participated in program one for a period of 12 weeks. Three days each week 
the two subjects exercised the RFF, LFE, LAA, RLLE, and the LLLF. Five 
days each week the two subjects exercised the RFE, LFF, RAA, RLLF, and 
the LLLE. 

Group G consisted of two male university freshmen who participated in 
program three for a period of 12 weeks. Three days each week the two 
subjects exercised the RFF, LFE, LAA, RLLE, and the LLLF. Five days 
each week the two subjects exercised the RFE, LFF, RAA, RLLF, and 
the LLLE. 

Group H. Group H consisted of two male university freshmen who took 
part in program three, three days each week for a period of 12 weeks on the 
RFF, LFE, LAA, RLLE, and the LLLF. During the same exercise periods, 
a modification of program three was used on the RFE, LFF, RAA, RLLF, 
and the LLLE. This modification involved increasing the number of execu- 
tions accomplished without increasing weight; i.e., when the subjects were 
able to accomplish five executions on each of the three sets, they would in- 
crease the first set to seven executions and continue with as many executions 
in the second and third set as possible. Again, as seven executions were 
successfully accomplished, two additional executions were added to the first 
set, etc. 


STRENGTH TESTING 


A strength test was administered to all eight groups at the beginning of 
the 12-week period and again at the conclusion of this period. For Groups 
A, B, F, G, and H, the strength test was applied to the RFF, RFE, LFF, LFE, 
RAA, LAA, RLLF, RLLE, LLLF, and the LLLE. Groups C, D, and E re- 
ceived the strength test on the RFF. The methods used in measuring the 
strength of the specific muscle groups are described below. 

Forearm flexors. The subject was placed in a supine position with the forearm raised 
so as to form a 90° angle at the elbow joint. A three-inch-wide leather loop which was 
connected by a lightweight chain to a push and pull attachment containing a manuometer 
was placed around the wrist joint. On the command “pull,” the subject would exert his 
maximum pull which was recorded on the manuometer. The angle of the chain and 
forearm was 90°. The test was repeated several times and the strength reading of the 
strongest pull was recorded. 

Forearm extensors. The position and method was the same as used for the forearm 
flexors except that the pull was in the opposite direction. 

Lower leg flexors. The subject was placed in a prone position with the lower leg 
raised so as to form a 90° angle at the knee joint. The leather loop of the strength- 
testing equipment was placed around the ankle joint directly over the malleoli. The 
angle of the chain and the| lower leg was 90° and the method of determining the 
strongest pull was the same as for the forearm flexors. 
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Lower leg extensors. The position and method was the same as used for the lower 
leg flexors except that the pull was in the opposite direction. 

Arm abductors. The subject placed himself about four feet from the connection on the 
floor which contained one end of the strength-testing equipment. The arm to be measured 
was abducted to a point 45° from the body and the leather cuff placed around the wrist. 
The angle of the chain and the arm was 90° and the method of determining the strongest 
pull was the same as for the forearm flexors. 


Findings 

The changes in strength between the test results at the beginning and at 
the end of the 12-week period of training are discussed below.” 
GROUPS A AND B 

The findings for Groups A and B are shown in Table 1. 


TABLE 1 
Improvement in Strength in Programs 1, 2, 3, and 4 
(Groups A and B)* 





Level of Significance 
Initial Final ~ Program | Program Program 
Programs Strength | Strength _ Two Three Four 
Program 1 
Mean _... 228.3 271.3 E 22% 56% 
Program 2 
Mean 224.5 271.5 


Program 3 








241.2 291.2 
Program 4 x 




















242.7 293.7 
*N = 6 for both group A and group B. 





The amount of strength that was gained from each of the four programs 
was found to be nearly equal. Program four which showed the largest in- 
crease in strength was significant at only the 44-per-cent level when com- 
pared with program one which had the smallest increase in strength.® 


7The levels of significance were all computed by the use of t-formulas. The t-formulas 
that were used for related and unrelated measures may be found in E. F. Lindquist, 
Statistical Analysis in Educational Research, pp. 56-59. In most published texts con- 
cerning statistics, the tables on the significances of differences list only the 1%, 2%, 5%, 
and two or three other values. The writer considers this to be unfortunate. When, for 
example, a “t” value falls between two listed values, the reader frequently wishes that he 
could’ ascertain the exact level of significance. For this reason, the writer has used a 
table computed from Student’s tables in Metron, No. 3, 5: 105, 1925. This table gives 
levels of significance from 0 to 100. 

8Levels of significance for such small numbers as two are of dubious significance. If 
the levels of significance are better than the 5% level, the results may be thought-pro- 
voking. Differences in the rate of increase of strength upon the part of two individuals, 
however, may be due not to differences in the programs, but to differences in the endo- 
crine makeups of the individuals. However, since the writer tried certain programs 
(programs one, three, and four) with larger groups, the results as computed are reported 
here for their values as suggestions for further research. 
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Table 2 was included to show the percentage of increase for the individual 
muscle groups in programs one, two, three, and four. It can be seen from 
this table that the weak muscle groups normally gain muscular strength more 
rapidly than the strong muscle groups. For example, the LFE was weaker 
than the RFE on all subjects prior to the weight training program. At the 
conclusion of the weight training program both Group A and Group B 
showed a larger percentage gain in muscular strength in the LFE than 


in the RFE. 


TABLE 2 
Improvement of Strength in the Individual Muscle Groups in Programs 1, 2, 3, and 4 
(Groups A and B)* 


Group A Group B 


Program Program Program Program 
Groups One Two Three Four 


SEE? SCA 60 84 
RFE 19 33 
LFF _ a 77 83 
LFE foe 28 33 
ee ee 49 83 
A) EE ae a 89 95 
Jf! eee 66 77 
LLLE 113 
SESE Le Senne 27 11 
































Mean Gain 54.0 | 56.4 | 60.0 
*N = 6 for both group A and group B. 





These findings were expected; hence, the method of allocating the pro- 
grams to the individual muscle groups was done in such a way so as to obtain 
comparable results. The system that was used in pairing the programs with 
the muscle groups was described previously in the procedure. 

An additional observation is that the gains of the individual muscle groups 
for both Group A and Group B were generally in favor of Group B with 
the exception of the RAA and LAA. The writer has no explanation or theory 
as to why this occurred. 


GROUPS C, D, AND E 

The findings for Groups C, D, and E are shown in Table 3. 

Group E gained more in strength than did either Group C or D. This 
superior gain in strength, when compared with Group C, was significant at 
the 3-per-cent level of confidence, and significant only at the 27-per-cent 
level of confidence when compared with Group D. 

Group D, while gaining less strength than Group E, did gain more than 
Group C. This difference was significant only at the 23-per-cent level of 
confidence. 

It will be noted that there was a rather large difference in the amount of 
muscular strength that was gained by Groups A and B as compared with 
Groups C, D, and E. This difference was probably due to the fact that 
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Groups A and B formed a very small class which allowed more adequate 
individual motivation and also that these subjects were volunteers who were 
extremely serious about their efforts toward strength improvement. Groups 
C, D, and E were larger classes and hence received less individual attention 
and instead of being volunteer subjects they were students in a regular weight 
training class, 


' TABLE 3 
Improvement in Strength in Programs 1, 3, and 4, Utilizing Only the Right Forearm 
Flexors 
(Groups C, D, and E)* 





Initial 
Strength 


Final 
Strength 


Gain 


Level of Significance 





Group D 


Group E 








61.21 


61.07 


58.86 


63.68 


65.33 





64.40 


2.47 


4.26 





5.04 


23% 


3% 
27% 








*N = 44 for group C. 
N = 42 for group D. 
N = 55 for group E. 


GROUPS F AND G 
The findings for Groups F and G are shown in Table 4. 


TABLE 4 
Improvement in Strength in Programs 1 and 3 Performed Both on Alternate Days and 
Daily (Groups F and G)* 





Level of 


Group 


Initial 
Strength 


Final 
Strength 


Significance 
5 Times/week 





Group F 
3 times/week 
Mean 
5 times/week 
Mean 
Group G 
3 times/week 
Mean 
5 times/week 
Mean 





220.5 


221.5 


258.0 





267.5 


276.0 


278.0 


339.5 


327.0 








50% 





*N = 2 for group F. 
N = 2 for group G. 


From the results of Group F, which utilized program one, there was prac- 


tically no difference in the amount of muscular strength that was developed 
in the muscle groups that were exercised three days each week and the muscle 
groups that were exercised five days each week. These results were significant 
at only the 50-per-cent level of confidence. 

The two subjects who formed Group G, and were participating in program 
three, gained more muscular strength in those muscle groups that were ex- 
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ercised only three days each week than in the muscle groups that were exer- 
cised five times each week. This difference was significant at the 6-per-cent 
level of confidence. 
GROUP H 

It can be seen from Table 5 that so far as Group H was concerned there 
does not appear to be any difference in the two methods of performing pro- 
gram three. This difference in the results was significant at only the 50-per- 
cent level of confidence. 


TABLE 5 
Improvement in Strength in Program 3 Performed Both by Increasing the Weight and 
Increasing Only the Number of Executions (Group H)* 




















Level of 
Significance 
Initial Final Increase Only 
Type of Increase Strength Strength Gain No. of Executions 
Increase Weight 
EE eae 224.5 289.0 44.5 50% 
Increase Only the Number 
of Executions 
Eee 244.0 287.5 ee ee 





*N = 2 for group H. 


Discussion 

As was stated earlier, DeLorme (5) found that 30 executions were more 
satisfactory than 70 or 100 executions in the development of muscular 
strength. Walters (19) found that ten or 12 executions proved to be better 
for the development of muscular strength than 20 to 22 executions. 

The present study employed weight training programs that entailed still 
fewer executions, and from the results of Groups A and B, and particularly 
from the results of Groups C, D, and E, it can be seen that those weight train- 
ing programs that utilized the heaviest weights that would permit a maximum 
number of five executions were superior to the other programs in this study, 
for the development of muscular strength.® 

Program three, which was used by Group F, was slightly more effective in 
the development of muscular strength when followed three days each week 
rather than five days each week. It is quite possible that in employing heavier 
weights than were used in program one, a longer period of time was required 
for the physiological recuperation of the muscles. The superiority in the 
amount of muscular strength that was gained when participating in program 
three, three days each week rather than five days each week was statistically 
significant at the 6-per-cent level of confidence. This finding—that heavy ex- 
ercise three times a week, or on alternate days, is sufficient—is in agreement 
with the empirical findings of weight lifters (10). 


®There is, of course, the qualification that exercises with a near-maximum weight should 
not be prescribed for a person in extremely poor physical condition; i.e., for any post- 
operative patient, for persons who have not exercised for many years, or for aging per- 
sons with blood vessels which might be subject to rupture by increased arterial pressure. 
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It is possible that the subjects who utilized two methods at the same time 
(Groups A, B, F, G, and H) were receiving “cross exercise” or transfer of 
effect to the other limbs from the limb being exercised (16). However, inas- 
much as the weight training exercises were being applied to both arms and 
both legs, any transfer of effect from one exercised limb to another limb 
should have been compensated for when the other arm or leg received the 
exercise and the transfer of effect was reversed. 

After this study had been completed, some research that had been con- 
ducted in Germany came to the writer’s attention (9). Hettinger and Miiller 
found that with static (isometric) contraction, muscular strength increased 
an average of 5 per cent each week when the training load was as little as 14 
of the maximal strength. When 2 of the maximal strength was used, in static 
contraction, the optimum amount of strength increase was achieved. They 
further stated that when the exercises were performed once a day and the 
tension held for six seconds as much increase in strength resulted as for 
longer and more frequent periods. 

The results of this study by Hettinger and Miiller do not agree with the re- 
sults of the writer’s study. However, it should be noted that two different 
types of muscular contraction are involved and no real comparison can be 
made. Hettinger and Miiller attribute their results to the fact that prolonged 
isometric contraction result in anoxia in the muscles. In programs two and 
three, but more especially four, the movements are so slow that there is a 
high probability that a considerably prolonged period of anoxia is produced. 
This may be at least a partial explanation for the results found. In order that 
a future comparison can be made, additional research is needed to study the 
comparative effects of isometric muscular contraction and isotonic muscular 
contraction so far as the development of muscular strength is concerned. 


Conclusions 


1. The findings of this study indicate that the 1 E.M. 3 program is 
superior to the 8 — 15 E.M. X 1 program for the development of muscular 
strength. This superiority is significant at the 3-per-cent level of confidence, 
as may be seen in Table 3. 

2. From the findings of this study, it appears to make little difference 
whether the 8 — 15 E.M. X 1 program is utilized three days each week or 
five days each week. However, the evidence is not statistically significant and 
N equalled only two in the group studied. 

3. The 5 E.M. X 3 program appears to be more satisfactory in the devel- 
opment of muscular strength when used three days each week rather than 
five days each week. The difference in the gains in strength is significant at 
the 6-per-cent level of confidence; however, N equalled only two in the group 
studied. 

4. So far as this study is concerned, there is not a statistically significant 
difference in the gains of muscular strength when weight and the number of 
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executions are both increased, as compared with when only the number of 
executions is increased and the original 5 E.M. weight remains unchanged. 
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Effect of Preliminary Passive 
Warming on Swimming Performance 


FORBES CARLILE 
University of Sydney, Australia 


Abstract 


The effect of preliminary heating by eight-minute hot showers was investigated in a 
group of male swimmers who made more than 400 trial swims. There was found an im- 
provement of one per cent in comparison with trials without preliminary heating. The 
difference in performance was statistically highly significant. Evidence is presented that 
the improvement could not be explained psychologically as the result of suggestion. Prac- 
tical applications to the athlete of passive warming are considered. Examples of the 
results of such techniques used with some Australian Olympic swimmers are given. 


THE VIEW THAT athletic performance is improved by adequate “warming 
up” by physical activity has for a long time been widely held by coaches 
and athletes in most sports. 

Asmussen and Boje (1), using the bicycle ergometer, concluded that when 
the body was at a higher temperature than normal, work output was increased. 
They showed that warming the body, not only by preliminary muscular ac- 
tivity but by passive heating with radio diathermy and hot water, resulted in 
improved ergometer performances. Asmussen and Boje found a close rela- 
tionship between work output and the muscle temperature, but not between 
work output and rectal temperature. 

Although passive warming was shown to improve bicycle ergometer per- 
formance, without investigation it cannot be assumed that swimming per- 
formance is similarly improved. Conceivably, the effect of cold water after 
the plunge could make preliminary heating unfavorable for swimmers. In 
fact the general opinion among swimmers, other athletes, and coaches would 
appear to be that hot water is enervating. Pre-race passive heating is gen- 
erally considered to be detrimental. 

The purpose of this study was to investigate the effects on swimming speed 
of pre-heating the body with hot water. 


Experimental Procedure 


The subjects consisted of the author (a 26-year-old male), on whom the 
first experiment was performed, and for the other experiments a group of 
young swimmers between 13 and 20 years of age, who were training in the 
off-season in a 20-yard indoor pool. Here the water and the ambient tem- 
perature were kept at about 72° F. In the first experiment the test distance 
was 220 yards, but in the subsequent three experiments 40 yards (2 laps) 
were swum in each trial. 
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By using relatively short test-swim distances, the variation due to faulty 
pace judgment was kept to a minimum and it was possible to carry out two 
and sometimes three trials each week without fatiguing the subjects unduly. 

The swimming was unpaced. Each trial was always made the first swim of 
the training session. The timing stop watch registered ten seconds around the 
dial and so could be easily read to the nearest 1/10 second. The watch was 
checked regularly. 

In experiments 3 and 4, rectal temperatures were taken at a constant depth 
of 7 cm. with clinical thermometers left in position for at least two minutes. 

Because the effect of warming was expected to make only small differences 
to swimming times for 40 yards, it was recognized as important to take 
special precautions to reduce random timing errors as much as possible if 
statistically significant differences were to be shown. To minimize the effect 
of variation due to the reaction time of the swimmer which would be largely 
dependent on the subject’s attention, the watch was always started at the 
moment the swimmer’s feet were judged to have left the starting board. This 
method was considered preferable to using a signal to start, because it would 
be conducive to less experimental error. Warned by preparatory movements 
on the part of the subject, the time-taker had a good opportunity to judge the 
take-off with a minimum of error. Judging the finish was more diffcult. It 
was attempted always to stop the watch immediately the subject touched the 
wall, either above or below the water line. 

The general plan adopted was to alternate pre-heated test swims with con- 
trol swims when the subject was not heated by a hot shower. Because it was 
necessary for reasons of pool hygiene to wash before entering the water, the 
control swims were made after a half minute lukewarm shower. The hot 
shower used for pre-heating was standardized as being as hot as the subject 
could comfortably tolerate, generally about 105° F. There was always a 
copious flow of hot water from the shower and the subjects usually came 
from it reddened and steaming. 


EXPERIMENT I. 


The author was the subject for this experiment. He had been swimming a 
total distance of between 2 and 3 miles each week during the preceding six 
months. When the experiment was started, he swam two trials each week, 
always with at least one rest-day between the 220 yards time trials. In addi- 
tion, each week he covered an additional average distance of between 220 
yards and 440 yards. 

After the first 9-time trials, each one made after half-minute showers 
which were lukewarm, there were spaced arbitrarily between control swims, 
time-trials made after 8 minutes under the hot shower. The criterion as to 
whether a pre-heated trial would be carried out was whether time was avail- 
able that day before the author carried out coaching duties. 

The graphed results of this experiment are shown in Figure I. 
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AFTER 8 MINS 
HOT SHOWER 


SWIMMING - SPEED v0/sec 








PERFORMANCE NUMBER 


'-. + © ihe ii oe ee ee ee ee 


25 


Ficure I. Results of Experiment I; in Which the Author Was the Subject, Comparing 
Average Speed of Pre-heated Swims with Control Swims. 


There is a noticeable decline in swimming speed during the first 17 per- 
formances while the subject was getting more out of training. The gradual 
improvement towards the end of the experiment is explained by the fact that 
the subject increased the amount of general swimming to about a mile a week. 

The average speed of the pre-heated swims (which followed the 8-minute 
hot shower) was compared with control swims which immediately preceded. 
From the variation of the differences of these paired performances, a t-value 
of 5.27 was calculated. This indicated a highly significant difference (P = 
0.01) between the control and pre-heated test swims. The average improve- 
ment in the swimming time after the passive heating was 3 seconds. Since 
the control swim times were in the order of 2 minutes 47 seconds, the im- 
provement was approximately 114 per cent. 


EXPERIMENT II. 


Ten swimmers were the subjects for this experiment. Three subjects swam 
at two strokes, changing over midway through the experiment. For alternate 
performances a lukewarm half-minute shower and an 8-minute hot shower 
were used. A total of 230 trials were made and the t value for the variation 
of the differences between paired hot shower and control performances was 
calculated. Because alternate pairs of trials were compared, the effect of im- 
provement due to training was thus virtually eliminated and the difference 
between performances may be considered as due to the warming effect and 
chance variations. The possible effect of suggestion is considered in Experi- 
ment III. 

The results of this experiment are shown in Table 1. Unless otherwise 
stated, the stroke used was the crawl. 
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TABLE 1 
A Comparison of the Effect of an Eight-Minute Hot Shower with a One-Half-Minute 
Lukewarm Shower, Upon Swimming Speed 





Avg.time | Avg. differ- | 


Subject 





No. of 


perform- 


of control 
swim 


(sec.) 


ence of hot | 
shower 
swims 





Probability 
of FASTER 
2 _| performance 


Probability 
of SLOWER 
performance 





Pavol 
P=0.01* 


22.62 
22.55 
23.81 
19.66 
18.31 
19.26 
21.38 
19.69 


+0.24 
+0.40 
+0.24 
—0.05 
—0.01 
+0.22 
+0.10 
+0.32 
+0.55 
; +0.40 
; (Cron Istroke) h 0 

“penasanedin +0.16 
+0.44 


. (Ceantaveke) 
. (Butterfly) _ 


| 
| 
| 
| 


P= f2** 
P—0.3 
P—0.001* 
P=—0.05 


. (Crawlstroke) 
(Backstroke) 




















DAA << AAS 
errr ear 





level. 
level. 


*Significant at 1% 
** Significant at 5% 


Only one subject (P. V.) showed a statistically significant decline in per- 
formance after the 8-minute hot shower. Six of the ten swimmers showed a 
statistically significant or highly significant improvement. 

The over-all comparison of experimental swims with control swims when 
the group results were considered gave a t-value of 5.35 which was highly 
significant (P = 0.001). 

Bearing in mind the reservation that an 8-minute hot shower may be too 
long for some individuals, it was concluded that the group as a whole showed 
a significant average improvement of close to 1 per cent with the 8-minute 
hot shower. 


EXPERIMENT III. 


It was considered that suggestion of improvement might well play a part in 
influencing the performance after the hot shower. This experiment was de- 
signed to investigate whether the subjective feelings of the swimmers had any 
important effect. 

Most of the subjects freely expressed the opinion throughout the investiga- 


tion that hot water was “weakening.” They did not expect improvement in 
performance after a relatively long hot shower, although most said that a 
half-minute hot shower made them feel comfortable. All expressed the belief 
that a preliminary half-minute hot shower would result in a better time than 
a preliminary 8-minute hot shower. 

Half-minute and 8-minute hot showers were used alternately for each sub- 
ject. Rectal temperatures immediately before and after the showers were 
taken. The results of this experiment are shown in Table 2. 
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TABLE 2 
Individual Mean Times of Six Subjects in Forty-yard Swimming Trials After Half- 
Minute and Eight-Minute Pre-Performance Hot Showers 





after half-minute after 8-minute 


Time for 40-yards Time for 40-yards 
Subject No. of Performances hot shower (sec.) 


hot shower (sec.) 








10 20.26 
8 22.45 
6 20.45 
8 20.56 

10 19.52 


20.22 
22.09 
20.10 
20.34 
19.38 





14 19.83 wa 19.80 
| 
| 








Although the subjects were prejudiced strongly in favor of the short hot 
shower, the results of the experiment (Table 2) showed an average group im- 
provement of 0.19 seconds when the longer shower period was used. Consid- 
ering the paired performances, a t-value of 2.79 was obtained for the group. 
This showed a highly significant difference beyond the P = 0.01 level. 

The mean rectal temperatures were 100.01° F. and 100.39° F. after the half- 
minute and 8-minute hot showers, respectively. 

The additional seven and one-half minutes of hot shower between the two 
pre-heating periods resulted in an average improvement of 0.9 per cent, the 
result being compatible with the finding in Experiment II where the 8-minute 
hot shower improved performance by 1 per cent. 

It was concluded that in spite of the mental set of the subjects being op- 
posed to improvement, the significant improvement in performance, with the 
longer shower periods, disposed of any psychological explanation of the 
beneficial effect. 


EXPERIMENT IV. 


This experiment was designed to investigate the dependence of performance 
on deep body temperature, as measured by rectal temperature. Five subjects 
made a total of 117 trials where the pre-heating time was varied randomly 
between no pre-heating and up to 16 minutes under the hot shower. 

Rectal temperatures were taken immediately before the subjects made their 
time trial swims. It was found that these rectal temperatures ranged in the 
five subjects between 98.8° F. and 101.6° F. Personal best performances 
were made when rectal temperatures lay between 99.1° F. and 100.9 ° F. 

Two factors were taken into account in making a statistical analysis of the 
results. It was obvious that the effect of training, represented by perform- 
ance number in the following analysis, would tend to improve in the later 
trials. Further, there was the likelihood of a curvilinear relationship between 
rectal temperature and trial time. 

It had been shown in Experiment III that a mean rectal temperature of 
100.39° F. (SD 0.12) was associated with an average improvement in time 
of 0.9 per cent but in this experiment it was found that when rectal tempera- 
tures reached about 101° F. (which generally required between 8 and 16 
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minutes under the hot shower), there was a lowering of the trial times, clearly 
seen when the pooled data of the group was graphed. Thus for the purposes 
of making a statistical analysis a linear ‘relationship only up to a rectal 
temperature of 100.5° F. was assumed, and data associated with rectal tem- 
peratures above this value were rejected from the analysis. 

Two rank-order partial correlations were calculated, firstly for performance 
number and time for the 40-yard swim with the rectal temperature held 
constant, and secondly for rectal temperature and time for the 40-yards with 
the effect of performance number (i.e., the effect of training) held constant. 

The results of these partial correlations are shown in Table 3. 

TABLE 3 
The Effect of Partialling Out Training Effects and Rectal Temperature Upon Correlations 


Between Swimiming Speed and the Respective Variables— Body Temperature and 
Training 





Partial correlation of swim. | Partial correlation of swim. 
time and performance time and rectal tempera- 
No. of number with rectal tem- ture with performance 
Subject performances perature partialled out number partialled out 


—0.75* +0.17 
—0.62* +0.19 
—051** +0.05 
—0.52** —-0.34 
—0.48 +0.65* 














*Significant at 1% level. 

**Significant at 5% level. 

It was found that in four out of the five subjects there was a fairly high 
negative partial correlation between time for 40-yard swim and performance 
number where the rectal temperature factor was held constant. Thus the 
effect of training alone acted, as would be expected, to reduce the time for the 
swim, 

The partial correlation between time and rectal temperature, with the effect 
of training held constant, gave a significant correlation in the case of only one 
swimmer. Subject D. H. showed a statistically significant positive correla- 
tion of 0.65, indicating that his times were slowed by increase in rectal tem- 
perature even towards 100.5° F. 

A regression analysis made for each subject confirmed that the introduction 
of rectal temperature as a variable did not help significantly in the prediction 
of time from performance number. It is interesting that the subject who 
showed a significant decrease in performance with increased temperature 
nevertheless did show a significant improvement in performance in Experi- 
ment III when the 8-minute hot shower was used. With the longer hot shower 
periods in Experiment IV, this subject showed clearly that his performance 
declined markedly as the heating time exceeded 8-minutes duration. 

From Experiment IV it was concluded that for rectal temperatures below 
100.5° F. the swimming time was in general unrelated to rectal temperature 


except in one subject who recorded slower times as his rectal temperature 
approached 100.5° F. 








Effect of Preliminary Warming on Swimming Performance 


Discussion 

The finding that performance was in general unrelated to rectal tempera- 
ture, which was in agreement with Asmussen and Boje (1), requires inter- 
pretation for, since pre-heating has been shown to help performance, the lack 
of correlation is a seeming paradox. 

Reader and Whyte (2) provide the explanation. In their study of varia- 
tions of muscle temperature, which they measured with needle thermocouples, 
it was not unusual for them to record deep muscle temperatures 5°-6° C. be- 
low blood temperature. Hence, a low correlation between muscle temperature 
and blood temperature would appear most likely. Muscular performance 
would be expected to be more closely relately to muscle temperature than to 
blood temperature if there were any marked differences between the two de- 
pendent variables. Indeed, Asmussen and Boje (1), as well as the present 
writer (unpublished data) have shown a high correlation between muscle 
temperature and performance by those muscles concerned in the work. The 
writer was able to confirm the finding of the Scandinavian workers that at 
around normal blood temperature 1° C. made a difference in performance of 
about 4 per cent. 

Reader and Whyte (2) showed that cooling the skin surface quickly caused 
a reflex constriction of vessels in underlying muscle. Thus, it would be easy 
to conceive of a situation where the athlete may have a high rectal tempera- 
ture accompanying a low temperature in several muscle groups important to 
his activity. Such considerations are important from the practical point of 
view where maximum performance is required of the athlete. 

Acting on the conclusions drawn from these data, the author, who was 
present in London as coach to the 1948 Australian Olympic Swimming Team, 
had some swimmers on the team take a four-minute hot bath at between 
108° F. and 110° F. They did this immediately before going to the starting 
board for their Olympic events. Three out of four of the swimmers made 
personal record performances. Nancy Lyons (breaststroke) was 2nd, John 
Davies (breaststroke) was 4th and Marjorie McQuade (crawl stroke swim- 
mer) was a semi-finalist, in their respective Olympic races. 

It would be difficult to show with statistical significance the suspected bene- 
ficial effect of the preliminary hot bath, as any such experiment with baths 
would be limited by facilities. However, it appears not unlikely that the hot 
bath like the hot shower would improve performance to the extent of about 
1 per cent. On the sporting arena, even a l-per-cent difference in average 
speed is of considerable importance. The writer found, empirically, that in 
regard to the raising of rectal temperature, a hot bath for four minutes was 
equivalent to a hot shower of eight minutes duration. 

It should be pointed out that subject D. H. (David Hawkins, who was the 
winner of the 1950 British Empire Games breaststroke championship and the 
9th fastest breaststroke swimmer at the 1952 Olympic Games) has always in- 
sisted on a two-minute hot bath or a shower of relatively short duration. 
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Hawkins’ subjective feelings confirmed the experimental finding that at 
higher rectal temperatures his performance deteriorated. 


It is likely that every individual would have his optimum amount of passive 
heating which would allow him to produce his best performance. Eight min- 
utes hot shower was originally chosen more or less arbitrarily. Further re- 
search on the individual swimmer would be necessary to determine his 
optimum amount of passive heating. Obviously, the time would depend on 
body weight, peripheral blood flow, and personal idiosyncrasy. It was noted 
that individual performances seemed to become rather less variable after pre- 
race heating with the hot bath used as a standard procedure by the author. 


Apart from the general nature of the training, in the author’s opinion, the 
two factors which most affect the individual’s performance are pace judgment 
in the race and the temperature of the muscles which will be most active. 
Swimmers and other athletes who have been resting for an event can easily 
have their muscles drop many degrees below blood temperature, as has been 
shown by measurements of deep muscle temperature made by the author 
(unpublished data). 


When warming-up is adequately carried out, whether it be effected by 
active (physiological) or passive (pre-heating) means, it would appear to be 
a factor which can in practice be fairly easily controlled, thus helping to keep 
the athlete’s performance close to his best. 


Hipple (3), using 12- to 13-year-old boys, has shown that after active 
warm-up, in the form of running a 50-yard test distance at maximum effort, 
that subsequent performances were not improved. He interprets his results 
as indicating that there is too much credence placed generally on the need 
for warming-up. However, Hipple’s conclusions may be criticized on several 
grounds. The boys were relatively untrained, so that fatigue might be ex- 
pected to manifest itself earlier than in trained subjects. His subjects waited 
for five minutes between runs. Hipple makes no mention of ambient tem- 
perature or of the boys putting on track suits or other clothing while waiting 
for their next trial. The present author has observed that when the skin 
above previously active muscles is exposed to still air at about 70° F. there 
may be a drop in deep muscle temperature of several centigrade degrees in 
five minutes. Further, it is unlikely that an all-out run would constitute the 
best method of warming-up. 


Hipple says: “Dr. Maxwell Howell, a former Australian rugby star, has 
stated to the writer that athletes and coaches in that country laugh at the 
American system of tiring the athlete by warming-up before a race. The Aus- 
tralian method is to use massage.” This statement does not represent the true 
picture in Australia as observed by the present writer. Swimmers and ath- 
letes of note for the past five or ten years have in general devoted consider- 
able time to preliminary stretching and limbering exercises and general physi- 
cal activity. Massage, except by football players, is not extensively used. 








Effect of Preliminary Warming on Swimming Performance 151 


Physical exercise has the effect of warming the active muscles, but with 
some concomitant fatigue. The best kind of warming-up would seem to be 
represented by blending both active and passive methods of raising blood 
and muscular temperature to an optimum value. 


Summary and Conclusions 


1. A subject showed an improvement in swimming performance in 220- 
yard swims of 114 per cent followed 8-minute hot showers. The difference 
in swimming speed was statistically significant. 

2. Ten swimmers in 230 trials with various strokes showed an improve- 
ment of 1 per cent for 40-yard time trials when the swims were preceded by 
8-minute hot showers. A statistical consideration of the group data showed 
the difference in swimming speed between control and pre-heated swims to be 
highly significant. 

3. Evidence is presented that it is unlikely that the improvement in per- 
formance can be explained on psychological grounds. 

4. Performance was found to be not closely related to rectal temperature. 
This is explained by the fact that muscle temperature is known to vary in- 
dependently of rectal temperature and that muscle temperature has a more 
important influence on performance. 

5. The practical applications for athletes of the findings are discussed and 
criticism is offered in negation of a published conclusion that warming-up is 
relatively unimportant. 

6. It is suggested that at least in temperate climates, some passive pre-race 
heating of the body, in addition to some active work, constitutes a valuable 
adjunct to the warming-up procedure. 
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Abstract 

Sociometry is a promising evaluative technique for determining individual social status 
and group integration. So far, however, there does not exist a satisfactory constant frame 
of reference against which data can be compared so that a value judgment may be given. 
It is the purpose of this paper to present a set of criteria to serve as this constant frame 
of reference. Five criteria are stated. Data on a test and retest are set up, organized, and 
analyzed according to the criteria to demonstrate the use of data and application of the 
criteria. 


EVALUATION TO determine the status and progress made in the achieve- 
ment of the social objectives of physical education has been a persistent prob- 
lem to physical educators and to teachers in general. A large step forward has 
been taken within the past ten years by the use of several forms of sociometric 
tests in physical education classes. The tests are easy to administer (9, p. 13) ; 
and the sociograms formed from student choices have provided a workable 
method of forming teams, squads, and committees which bring together stu- 
dents who work well as a unit and produce desirable results through efficient 
group efforts. 

Sociometric data are easy to gather, the tabulation chart and rank listing 
charts are easy to make, the sociogroups take a few rearrangements to form. 
However, the actual use of sociometric data for evaluation is more difficult. 
The data do not lend themselves to the usual statistical procedures, although 
many efforts have been made to find techniques that are applicable (3, 5, 7, 
8, 11, 15). Statistical techniques which have been tried are: percentile, 
standard deviations, binomial and multinomial expansion, and a dual devia- 
tion technique. However, none of these procedures has proved to be satis- 
factory for the teacher. 

In discussing the use of sociometric data in the book Theory and Practice 

of Psychological Testing, Frank Freeman concluded: (6, pp. 454-455) 
Since the purpose of the sociometric technique is not to measure the personality of each 
individual but to measure the environment of opinion in which he lives, it is gratuitous 
to ask for or expect evidence of validity in the usual psychometric terms. The discovery 
of the environment of opinion in which an individual lives is none the less important; for 
such information helps to explain that person’s behavior as well as the organization of the 
group and its values. 

Freeman explains further that scores have been expressed in terms of their 
deviation from chance expectancy, using chance distribution of choices as the 
common reference base. “While this method provides more refined statistical 
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data, actual calculations show that little is lost in accuracy when the raw score, 
rather than the probability index, is used as a measure of sociometric status.” 
(6, p. 454) The raw score will tell that Johnny is an isolate and Mary a star 
just as an average of ten bowling scores will give Johnny a score of 66 and 
Mary one of 165. For bowling we have the perfect game of 300 and tourna- 
ment scores against which to compare students’ scores and make a value judg- 
ment. For sociometric data, a similar constant frame of reference is needed. 


Purpose of This Paper 


It is the purpose of this paper to present a set of criteria to serve as this 
constant frame of reference against which data from a test, from a test and re- 
test on the same group, and from tests on two different groups can be com- 
pared. Such comparisons enable value judgments to be made and increase 
the worth of the sociometric test as an evaluative technique to measure indi- 
vidual and group social status and growth. 

The procedure for arriving at this frame of reference was determined in 
the following way. The literature on group growth was studied to ascertain 
the desirable directions of growth and the characteristics of the completely 
mature and completely integrated group. Literature on the growth patterns 
and social needs of individuals was also studied to determine the sociometric 
responses of the well-adjusted and the poorly adjusted individuals. 

The literature served as a basis for picturing an ideal group and its re- 


sponses to sociometric test. Since it is improbable that any group would 
reach this absolute state of perfection, the criteria were stated in relative 
rather than absolute terms. These criteria are presented below. 


Criteria 


1. The fewer isolates in the group, the better. Isolates are those who 
choose no one, who are not chosen, or who have no reciprocated choices. 

2. The higher the total number of reciprocated choices within the limits 
of the number of choices allowed, the better. When three choices are permit- 
ted the total number possible is about one and one-half times the number of 
group members. For four choices, the maximum is twice the class members; 
for five choices, two and one-half times; for six choices, three times, etc. 

(a) Each person uses all his choices. 

(b) On a retest, it is an improvement if those who did not receive a recip- 
rocated choice now do so, if the total number receiving reciprocated choices 
increases, and if the total number of reciprocated choices for the group in- 
creases. 

3. As the group matures, the number of overchosen decreases, and the 
choices are shared by all. 

4. The acceptance curve (found by plotting the acceptance score and the 
number of people receiving that score), which is ordinarily J shaped (3, p. 
379), takes the shape of a normal curve with the peak of the curve over the 
theoretical mean. The mean is the average weighted score times the number 
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of choices allowed (15, p. 224). This trend pursued to the ultimate would 
result in no curve at all, since in the ideal group where choices are equally 
shared, all would receive the score of the theoretical mean. 


5. Structural analysis of the sociogram reveals a highly differentiated, all- 
pervading network, As a group matures, the structure of the sociogram 
changes. The progressive stages of group growth, with corresponding socio- 
metric structure for each stage, are: 

Stage 1. During the individual-centered stage and as those accustomed to leadership 


attempt to assume this role in the new group, the sociogram would reveal a few stars, 
many unchosen, and a few mutual pairs. 

Stage 2. As members become better acquainted, they begin to form pairs. The sociogram 
would show an increase in the mutual pairs and possibly short chains. 


Stage 3. This is a period of frustration as the leader steadfastly refuses to assume an 
authoritarian role. Also, there is conflict among the members as they vie for stereotyped 
roles. During the period of frustration, some subgroups of like-minded individuals would 
form, while others would psychologically withdraw. The sociogram would be charac- 
terized by isolated structures and isolates. 


Stage 4. Individual self-assessment and attempted consolidation occur. There is a develop- 
ment of cohesiveness among members which is accompanied by a certain amount of smug- 
ness and complacency. This is a period of “sweetness and light” which is characterized 
by the determination to achieve harmony at all costs. At this point the individuals have 
reached the beginning stages of problem- or group-centeredness. During the period of 
sweetness and light, the chains would become longer and overlap; the more complex 
structures would be retained but would become connected to other structures. 


Stage 5. The sociogram would show greater complexity as the group becomes problem- 
centered. 


Stage 6. The sociogram which would show complete integration would be one interlocked 
structure, 


Preparation of Sociometric Data 


To put the above criteria to test and to demonstrate its application, imag- 
inary data for a sociometric test and re-test were set up. Procedure for ar- 
ranging the data and for evaluating them according to the above criteria 
follow. First, the tabulation chart of choices is made, and on it the weighted 
acceptance scores are figured with 3 points for the first choice, 2 for the sec- 
ond, and 1 for the third choice (See Tables 1 and 2). The completed tabula- 
tion chart gives the number of times each chose, whom they chose, the ac- 
ceptance scores of each, and the total number of choices used. By dividing 
the number in the group times the number of choices allowed into the number 
of choices used, the percentage of choices used is found. 

The sociogram is then drawn as shown in Figures I and II. It reveals the 
number of reciprocated choices and the number of students receiving recip- 
rocated choices, The percentage of mutual choices made by the class is 
found by dividing the total number of reciprocated choices occurring by the 
total number possible. Structural analysis shows the chains, triangles, squares, 
and isolated structures, and gives the over-all level of group growth. 
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Ficure II. Sociogram—Test II. 


The next step is that of making the Rank Listing Chart as shown in Table 3 
(1, p. 415). This chart reveals the range of scores on both tests, the stars and 
isolates, the gains and losses made by each individual; and gives a picture of 
the relative status and change of status of each individual in the group. In 
the beginning stages of group growth, the range on the first test will be broad 
and there will be a few overchosen to act as leaders. On the retest, the range 
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TABLE 3 
Rank Listing Chart 


Acceptance Acceptance 
Name Score Score 
Test I Test II 
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*The acceptance scores for Test II, shown in column 2 above, have been rearranged from 
highest to lowest number so that range of scores can be compared with those of Test I which 
appear in column 1 above. 


should be decreased. The most chosen of the first test should have lost choices, 
and the least chosen should have gained them if the leadership and choices are 
shared. From this chart, data are readily available for plotting the acceptance 
curve—the next step. (See Figure III.) 
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Ficure III. Acceptance Curves. 


The information provided by the charts, curves, and sociograms is now 
brought together in a summary chart. The summary chart for these data ap- 
pears in Table 4. The items of this chart follow the criteria previously de- 


scribed. 
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TABLE 4 
Summary Chart 





Results Test II 





. Isolates 
a. Number non-choosing 
b. Number unchosen 
c. Number without mutual choices_.._ 
d. Total number of isolates e 1 
. Percentage of mutual choices_...__»_»_>_ 66.67 
a. Number of choices used. 91.67 
b. Number of persons having mutual choices 15 
c. Total number of mutual choices 16 
. Number overchosen __ 0 
. Acceptance curve normal 
. Structural analysis 
a. Chains 3 tangent to the | 2 tangent chains of 
triangle, with 3,1,| 1 and 3 persons 
and 1 persons each each 
b. Triangles 1 2 
A aa aa 0 1 
d. Closed structures 2 isolated pairs 1 isolated pair 
. Stage 2 5 
































Analysis of Sociometric Data 


1. Number of isolates. The total number of isolates decreased. Greta was 
unchosen and chose no one on the first test but gained eight points on her 
acceptance score on the second. Lois lost her only choice and chose no one 
on the second test. She is also the only one who lost a reciprocated choice. 
This development is a warning signal for the teacher, and the reasons should 
be determined. Others with previous reciprocated choices still have them, 
although they may now be with different people. The four who previously 
had no reciprocated choices now do. On the whole, then, the group made real 
progress in group acceptance of all its members and improved in the ability 
of each member to form a common bond with others in the group. 


2. Reciprocated choices. The total number of reciprocated choices possible 
for each test was 24 (one and one-half times the number in the group). On 
the first test there were ten mutual choices (41.52% of the total possible). 
On the second test, the number increased to 16 (66.67% of the total possible) . 
This improvement was made possible, in part, by the increase from 79.17 to 
91.67% in the number of choices used. The second factor causing the 
increase in the total number of reciprocated choices was that 15 rather than 
12 students had mutual choices at the time of the second test. Because of the 
increase in the number of choices used, in the number of students receiving 
mutual choices, and in the number of reciprocated choices, the individuals 
and the group demonstrated growth according to criterion 2. 
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3. Number of overchosen. The acceptance score marking the overchosen 
has arbitrarily been set at twice the theoretical mean or above. Ruth and Ann 
both qualified as overchosen on the first test. They were the stars and leaders 
at the time the first test was given. On the second test there were no over- 
chosen. This fact plus structural analysis of the sociogram indicates that 
leadership is now shared. Examination of the rank listing chart shows that the 
overchosen lost some of their choices and the least chosen gained. The class, 
therefore, would register a gain on this criterion. 

4. Acceptance curve. The acceptance curve for the first test is similar to 
that for most sociometric data. It is a curve which is skewed to the right, 
indicating that a few students receive most of the choices. The curve for the 
second test is more nearly a normal curve with the node over the score of five. 
The curve has become more leptokurtic. All changes in the curve represent 
desirable group growth according to the criterion. 

5. Structural analysis. Structural analysis of the sociogram for Test I re- 
vealed the level of growth to be at Stage 2, in that there are a number of 
mutual pairs and short chains. Ruth, Frances, and Jean formed a triangle 
with one and three person chains connected to each person of the triangle. 
This structure formed a good central core for development of over-all unity. 
The isolated pairs Betty-Norma and Enid-Pat and isolates Greta, Dorothy, 
Carol, and Helen (six of the 16 members of the class) needed to be brought 
into the group. 

Analysis of the sociogram for the second test showed that the structure was 
more complicated and more highly differentiated. There is a six person sub- 
group, Enid-Ruth-Greta-Jean-Pat-Carol, which includes the triangle Ruth- 
Greta-Jean. A line from Greta to Dorothy connects this substructure with 
triangle Dorothy-Margie-Norma. Thus, the mutual choices of 13 of the 16 
students form a well-connected and complex structure, which would place the 
group at Stage 5 in its development. Still to be brought into the group are 
the isolate Lois and the isolated pair, Kathie-Frances. On the whole the struc- 
tural analysis revealed growth in group unity, inter-relatedness, and a good 
network of communication lines. 

Had a teacher given these tests and obtained and analyzed these data, she 
would have evidence of the social growth of the individuals in the class, a 
knowledge of the students who were in need of special guidance, and a picture 
of the changes in group structure and unity. By comparing the data obtained 
against that of the theoretically ideal or perfect group, she could determine 
the position of her class in a way that is similar to the comparison of the 
mean archery score with that of a perfect round, or more realistically, with 
the highest recorded score ever made. 
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Abstract 


The speed of performance of a sensory-motor skill is slower in 10-year-old than in 15- 
year-old boys, in both initial performance and in final performance after learning has 
reached a plateau. The younger boys improve more, have less task-specificity, and their 
individual differences in learning have a greater influence in determining final skill than 
is the case for the older boys. Within each age group, the amount of learning tends to be 
the same in similar tasks that differ in initial speed of performance. Fifty per cent or 
less of individual differences in motor learning are predictable from the pre-learning 
performance, and the direction of the relationship is negative, showing the futility of 
attempting to measure educability from performance level. Learning ability must be 
tested directly. 


McGEOCH AND IRION, after reviewing the published research on changes 
in learning as a function of age, conclude that the rate increases during the 
first two decades of life (7, p. 535). Munn, on the other hand, interprets the 
evidence as showing that the amount of improvement that can be attained 
from practice is not systematically related to age (8, p. 395). These investi- 
gators have concerned themselves almost entirely with verbal rather than 
motor learning, because of the paucity of experimental studies in the latter 
area. 

It is well known that motor skills are highly specific—appreciable inter- 
correlations between tasks occur only when there are obvious common ele- 
ments. This topic has been reviewed by Lindeburg (6). There has been less 
attention to the question of whether learning as such is also characterized by 
a high degree of task specificity. Woodrow (10) found evidence that this is 
so, although the data available to him were mostly obtained with verbal ma- 
terial and his conclusions do not necessarily apply to motor problems. Heese 
(4) studied some of the so-called fine motor skills. Very low intercorrela- 
tions were found between individual differences in learning. There was one 
exception: Improvement scores in tracing a figure in the mirror-drawing test 
correlated r = 0.57 with improvement scores in tracing the same figure with a 
two-handed apparatus that controlled the movement of the pencil. Even 
though the common task element was substantial, the observed relationship 
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was not large since it accounted for only 33 per cent of the individual differ- 
ence variance. 

If gross motor skills are not completely specific, there is a possibility that 
the degree of specificity may be less in the younger individuals. Another 
question of interest is whether the ability to learn motor tasks is related to 
age within a range that is of particular interest with respect to physical edu- 
cation instruction in the schools. In addition there are several related prob- 
lems, such as examination of the extent that it is possible to estimate motor 
educability from performance ability rather than directly from the learning 
scores. Stated in more fundamental terms, this is the problem of assaying 
the relative contribution of initial skill and amount of learning to individual 
differences in final skill attainment. It is too complex to be solved by simple 
examination of the correlation between performance and learning. 


Methodology 

One group of subjects (n = 73) included all boys in the tenth year of age 
from a small-town grammar school, with the exception of a few who did not 
complete the test because of illness or some other complication. Another 
group (n = 72) was a random sample of high school boys in their 15th year 
of age, from the high school of the same town. 

The three motor tasks were chosen partly for their suitability with respect 
to the range of ages being investigated, and partly because they involved im- 
portant basic elements of game skills. They were intentionally quite similar. 
One of them was very easy to perform. The subject held a celluloid ball in his 
hand next to his belt buckle, and responded to the stimulus by throwing this 
ball downward into a wastebasket and then reaching forward to grasp a tennis 
ball which was suspended in front of him at one-arm’s-length distance. In this 
task the stimulus was a sound, and the response was simple, i.e., no stimulus 
discrimination or choice of movement was required. An electric chronograph 
measured the time required to respond to the stimulus by completing the for- 
ward arm movement. 

The other two tasks were inter-related, involving the performance of one 
or the other of two movements in a visio-motor discrimination problem. This 
problem was unusual in that the perceptual discrimination was made as sim- 
ple and unequivocal as possible through the use of multiple discrimination 
cues. Having discriminated and identified which stimulus had occurred, the 
subject performed the movement specified by that stimulus. The complete 
testing schedule required about one hour. 

Apparatus. In front of the subject, and within his normal visual field, there 
were two corona glow lamps, an unmarked orange one and vertically below 
it a striped blue one. Also within the visual field, placed one arm’s length 
away, were two colored balls hanging on strings. The upper one was orange; 
it was the larger. Below it was a blue striped ball. The task of the subject 
was to respond to the orange light by grasping the orange ball with a fore- 
hand movement, first dropping a table tennis paddle held in his hand. If the 
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lower (blue) light came on, the subject retained the paddle and used it to hit 
the lower (blue) ball with a backhand stroke. These movements were made 
from the standing position, with the hands and paddle touching the knees. 
One trial followed another at intervals of about 1 minute. 


The strings supporting the balls were suspended by small metal strips held 
between spring contacts; if either ball was touched, the metal strip fell out 
immediately, opening the chronoscope circuit. This circuit was placed in ac- 
tion automatically by the same switch that turned on the stimulus light. In 
order to prevent undesirable swinging of the balls, their supporting strings 
passed downward to terminate at screw eyes attached to the floor of the device. 
The apparatus was very similar to one illustrated in certain other studies done 
at this laboratory (5), although the physical dimensions were about twice as 
large. An electric chronoscope measured the elapsed time from the first 
flash of the stimulus light to the completion of the motor response, with an 
accuracy of somewhat more than 0.01 sec. 


A prepared randomized order was used to decide which stimulus (orange 
or blue) would be used in a particular trial, and whether the interval between 
the warning signal (a bell) and the stimulus light would be one, two, or three 
seconds. The same order sheet was used for all subjects. Timing of the fore- 
period was controlled automatically by an electronic time-delay circuit. All 
subjects had at least 30 trials (15 forehand and 15 backhand) on this prob- 
lem, and somewhat more than half of each group practiced 40 trials. Figure 
I will help to explain the procedure. 


It will be seen that these two tasks had an identical element in common, 
namely the discrimination reaction time which has been found in subsequent 
(unpublished) studies to be about 0.35 sec. Approximately half of the mea- 
sured performance time was therefore used for the reaction phase of the 
response and the other half was net movement time. Since only a single chron- 
oscope was available, the motor performance scores included both reaction 
and movement times. The simple (non-discrimination) task described earlier 
was similar to the backhand task in that an object had to be released before 
proceeding with the principal movement, and was similar to the forehand 
task in that a forward arm movement was performed in order to grasp the 
ball. Only 40 per cent of the subjects in each age group were tested with the 
simple task, as the need for it was not recognized until the experiment had 
been in progress for some time. 


In all three of these tasks there was no particular requirement for accuracy 
of response; speed was the factor emphasized to the subjects and measured by 
the apparatus. Motivation seemed to be high in both age groups. All the 
boys seemed interested in the tests and appeared to try to improve throughout 
the experiment. Naturally, the experimenter made every possible effort to 
keep the psychological factors constant. An additional degree of control was 
secured by testing an equal number of boys from each age group at any one 
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experimental period, so that any changes in effectiveness of instruction or 
seasonal influences would affect both groups. 


Experimental Results 


Age Differences in Mean Performance. Learning curves for the three tasks 
are shown in Figure I. In view of the irregularities of single trials (a typical 
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Ficure I. Learning Curves. Between-trial spacing in the discrimination forehand and 
backhand tasks are arranged to show how the trials were interleaved, beginning with 
backhand trial one. 


characteristic of learning curves in general) it has seemed desirable to 
average the first three trials as a measure of the initial performance level, and 
the last three trials as a measure of the final performance achieved. One is 
faced with a dilemma in this sort of situation—the reliability of the individ- 
ual differences is increased as a large number of trials is used to define the 
measures, but at the same time the amount of learning (i.e., the differences 
between the initial and final measures) becomes less. One factor in the choice 
of three trials rather than some other number was the observation that, as will 
be explained later, a statistically significant improvement in performance can 
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just be demonstrated beginning with the fourth trial (for all three problems) 
if the initial performance is taken as the average of at least three trials. 

Using these measures of initial and final performance, it may be seen in 
Table 1 that the younger subjects are detinitely slower than the older boys at 
the beginning of each task. They are also slower at the end of the training 
period. The percent improvement due to the practice is not greatly different 
for the three tasks. Averaging all age groups and tasks, the percent gain is 
18.4, ranging from 15.2 per cent for the older boys in the discrimination 
forehand problem to 24.2 per cent for the younger group for the backhand 
movement. The younger boys improve relatively more in all tasks—on the 
average, they gain 20.3 per cent in speed compared with only 16.5 per cent 
gain by the older boys. 


TABLE 1 


Descriptive Statistics for Two Age Groups in Three Motor-Learning Tasks 





Simple Forehand Discrim. Forehand Discrim. Backhand 


Statistic Initial | Learn.| Final Initial | Learn. | Final Initial | Learn.| Final 


Mio 0.672 0.135 0.537} 0.842 0.145 0.697 | 0.794 0.192 0.602 
Mis 0.552 0.088 0.464; 0.671 0.102 0.569] 0.594 0.109 0.485 
Diff. 0.120 0.047 0.073 | 0.171 0.043 0.128; 0.200 0.083 0.117 
t 4.97 1.97 4.52 6.38 1.91 6.44 9.86 4.45 7.25 
10 yr (n = 28) (n = 73) 

o 0.091 0.102 0.067 : : 0.131 | 0.131 0.130 0.096 
o/M 0135 ... G2135i O22 — 0188] 0.165 0.159 
ri 0.530 0.396 0.744| 0.814 0.678 0.684) 0.566 0.394 0.572 
15 yr (n = 29) (n = 72) (n = 72) 

0.095 0.072 0.085} 0.130 0.110 0.104; 0.111 0.089 0.097 
Rive. :*+. 0.183 | 0.194  — 0.183] 0.187 0.200 
0.818 0.258 0.927 | 0.831 0.267 0.669} 0.712 0.624 0.719 























Note: The o’s for learning scores have been computed directly from the distributions. When 
computed indirectly from initial and final scores and the intercorrelation, there may be as much 
as 10 per cent discrepancy, presumably caused by cumulated grouping errors. Means are in 
seconds; individual instrumental error is negligible (¢, = 0.0035 sec), influencing the average 


only 0.0005 sec. 


The absolute amount of gain in speed by practice is greater in the younger 
age group for all three motor tasks. However, the advantage is statistically 
significant for only one, namely the backhand movement (t = 4.45). The 
absolute differences due to age are only about half as large as this in the 
other two tasks, and the t ratios are not quite significant—1.91 for the dis- 
crimination forehand task compared with 1.98 required for the 5-per-cent 
level of confidence, and 1.97 compared with 2.00 required for the simple fore- 
hand (the number of cases was smaller for the latter task). 

Inter-Task Differences. In order to compare inter-task differences in learning, 
it seems reasonable to require that practice be continued until a stable plateau 
is reached. It is believed that this point was substantially reached in all three 
tasks as shown in Figure I. The two discrimination tasks are only shown to 
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trial 15 in this figure, since half of the subjects were not practiced beyond 
this point. In the 38 older subjects who had 20 trials in these tasks, the 
average of trials 18, 19, and 20 is 0.5 per cent slower than the average of 
trials 13, 14, and 15 for the discrimination forehand movement; the corre- 
sponding figure for the backhand is 2.4 per cent slower, so it may be said that 
learning did not progress after trial 15. In the 41 younger subjects who 
practiced 20 trials, there was a slight improvement in the forehand (1.0 per 
cent, t = 1.53) and also in the backhand (1.4 per cent, t = 1.84) ; it would 
seem that the learning was so nearly completed for these boys that the use of 
trials 13, 14, 15 as the final score is justified for most purposes. The slight 
additional gain would, however, be sufficient to cause the age difference in the 
discrimination forehand speed to be significant, since the estimated t ratio 
would be 2.00 compared with the previously non-significant value 1.91. In 
the case of the simple forehand movement, it is necessary to use the 20-trial 
learning period, because the gain between trials 13, 14, 15 and 18, 19, 20 is 
about 3 per cent, and is statistically significant in both age groups. However, 
the amount of gain from the last 5 trials is small, and it is doubtful if addi- 
tional practice would have caused any important change. 


It is rather curious that the amount of learning actually differs so little 
among the three tasks. As explained earlier, the inter-task differences in per 
cent improvement are not very large. Using the absolute gains, it is found 
that none of the mean differences in the older group are significant, since the 
inter-task t ratios are 0.44, 0.77, and 1.39. In the younger subjects, there is 
no important difference in the amount of learning as between the simple and 
discrimination forehand movements. (t = 0.52), but the backhand learning is 
definitely greater than the simple forehand learning (t = 2.76) and also 
greater than the discrimination forehand learning (t = 2.33). All of the 
task averages differ significantly from each other in initial performance levels 
within the older subjects and within the younger subjects. The final per- 
formance means are in exactly the same rank order as the initial perform- 
ances, and all inter-task differences are highly significant with a single ex- 
ception—in the older group, the t ratio between backhand and simple fore- 
hand is only 1.42. The major differences between tasks, therefore, are in 
performance level difficulty rather than ease of learning. 


INDIVIDUAL DIFFERENCES 


Inter-Task Relationships. Even though the striking differences in average 
response are seen as characterizing initial and final response levels rather 
than amounts of learning, individual differences in ability persisting through 
the three tasks are more prevalent in the initial and final performances than 
in the learning phase. None of the inter-task correlations of amount of learn- 
ing are significantly different from zero at the 1-per-cent level of confidence. 
In contrast, two-thirds of the possible inter-task correlations between per- 
formance levels have this degree of significance (Table 2). 
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TABLE 2 


Inter-Task Correlations 





Age 10 Age 15 
Task Type of Data Initial Learn. Final Initial Learn. Final 


Simple forehand vs. Raw 0.456 0.438 0.284 | 0.478 0.085 0.707 
Discrim. forehand Corrected 0.694 0.838 0438 | 0.580 0.322 0.869 
Simple forehand vs. Raw 0.387 0.317 0.260 | 0.264 0.254 0.470 
Discrim. Backhand Corrected 0.643 0.801 0.298} 0.357 0.622 0.576 
Discrim. forehand vs. Raw 0.551 0.276 0.434] 0.503 0.122 0.583 
Discrim, backhand Corrected 0.740 0.528 0.760 | 0.674 0.301 0.814 




















Nore: True-score intercorrelations (italics) have been corrected for attenuation in both varia- 
bles (3, p. 287). 


For more direct statistical evidence of this tendency, it is necessary to in- 
spect the correlations between the discrimination forehand and the back- 
hand movements, because this is the only inter-task comparison that involves 
a sizable sample of individuals (73 in the younger group and 72 in the older). 
The learning score intercorrelation is significantly lower than either initial or 
final performance correlations in the older group (t = 2.61 and 3.29). In the 
younger group, it is also lower than the initial score intercorrelation (t = 
2.03), but not significantly lower than the final score intercorrelation 
(t = 0.96). The lower inter-task correlation for learning is in‘rinsic rather 
than just a reflection of lower reliability of learning scores, because when the 
inter-task correlations are corrected for attenuation in both variables (Table 
2), the coefficient for learning remains significantly smaller than the coeffi- 
cients for either initial or final scores, in both age groups. 

Inter-task correlations are higher for the younger subjects in all cases in- 
sofar as learning is concerned, and are also higher in the case of initial 
scores. The age differences are not statistically significant. However, they are 
in consistent directions in all the inter-task comparisons using corrected co- 
efficients and all but one using uncorrected coefficients, so there is a suggestion 
that there may be a genuine tendency for the younger subjects to have less 
task-specificity in learning these skills. Any such tendency has disappeared 
in the case of final skill level. 


Regardless of any age tendencies, one cannot fail to be impressed with the 
high degree of task specificity. In examining this question, it must be re- 
membered that the corrected correlation coefficients give the relation present 
after the removal of error variance, so that the square of a coefficient (multi- 
plied by 100) gives directly the percentage of individual difference variance 
that is common to the performance (initial or final) or the learning of any 
two of the tasks. It will be recalled that a considerable amount of similar 
elements were incorporated in these tasks; even so, the correlations are far 
from high. Evidently the learning of motor tasks, at least those of the type 
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used in this experiment, is not a matter of motor-learning ability—rather, 
it is a matter of specific aptitudes for learning specific tasks. 


Individual Differences at Final Skill Level. As practice progresses, improve- 
ment follows a law of diminishing return until the learning curve approaches 
either an asymptote or at least a line of very little slope. It is important to 
know whether individual differences tend to disappear in this region, or 
whether they persist at full effect. One way of estimation is to use the size of 
the standard deviation as an index of the degree of individual differences, 
although it must be recognized that it is made up of two components—true 
individual difference variance and error variance. Also, the individual 
difference variance (in contrast to error variance) is not necessarily inde- 
pendent of the mean. For this reason, the coefficient of relative variation 
(V = 100 c/M) is sometimes used. The size of the reliability coefficient is 
probably a better index than either. 

It can be seen by inspection of Table 1 that the standard deviation is some- 
what smaller in the final performance as compared with the initial per- 
formance. The coefficient V changes very little. When the tasks are averaged, 
there is a 9.4 per cent drop in V in the younger group, and a 2.4 per cent 
rise in the older boys. The average reliability coefficient rises 4.7 per cent 
in the younger group and declines 1.9 per cent in the older group. Since these 
changes are small and inconsistent, it seems likely that the extent of individual 
differences does not change from the initial performance level to the final 
level. 


Within-Task Correlations. lf one defines motor educability as ability to learn, 
it may be inferred from the pattern of intra-task correlations (Table 3) that 
performance scores cannot be substituted for improvement scores in the 
assaying of individual differences in educability. The pattern is somewhat 
different in the two age groups, but there are certain features common to 
both. Individual differences in amount of learning are negatively related to 
degree of initial skill—slow performers have greater possibilities for improve- 
ment, and they do indeed tend to improve more than those with a higher 
degree of initial skill. In other words, a good initial score indicates poor 
educability.1 The coefficient of determination (3, p. 223), however, averages 
only 40 per cent for the older boys and 52 per cent for the younger group, 
so the predictibility is certainly not high. 


1The term “motor educability” is commonly used to mean ability to learn motor skills 
easily; sometimes the definition is ability to develop a high degree of skill quickly (2), 
thus implying the involvement of motor skill capacity (i.e., the ability to reach a high 
final score as learning approaches completion). Presence of a substantial negative cor- 
relation would seem to require the acceptance of the latter, more complex, definition. In 
another article a “W” score is developed in order to meet this definition of educability 
and to provide a means of escaping the dilemma imposed by the negative relationship. 
See Henry, F. M., Evaluation of motor learning when performance levels are hetero- 
geneous, Research Quarterly 27: 176-181, 1956. 
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TABLE 3 


Within-Task Correlations 





Age 10 Age 15 
Task Score Learning Final Learning Final 


Simple forehand ___. Initial —0.747 0.266 —0.618 0.758 
Learning 0.437 0.008 


Discrim. forehand _. Initial —0.714 0.460 —0.722 0.656 
Learning 0.280 0.009 


Discrim. backhand — Initial —0.712 0.406 —0.551 0.583 
Learning 0.326 0.315 


























Nore: In this table the measures have been treated as speed scores rather than time scores, 50 
that the negative relation between initial performance and learning will be seen clearly. 


In the older subjects, the tendency is just about equally great for boys who 
start in a certain relative position to end in the same relative position as it 
is for boys who start with a poor initial score to improve more than those 
who start with a high score. In other words, the correlation of individual 
differences in initial score is as large with final score as it is with amount of 
learning. In the younger boys, the situation is somewhat different; the co- 
efficients involving initial score give only about half as large a correlation 
with final score as with learning, and the differences in correlation are 
statistically significant for each of the three motor tasks (t 2.32, 2.67 and 
2.48). 

A point of view of more practical interest is the final performance attain- 
ment. One may ask how important is learning as a determiner of individual 
differences in the completely learned performance. For the backhand move- 
ment, the coefficients relating learning to final score, while low, are significant 
at the 1 ver-cent level of confidence for both age groups. (Incidentally, the 
reliabiiit es of scores in this task tend to run somewhat lower than in the 
other two.) As the correlations are negative in sign, the relationship is in 
the direction of large improvement being associated with fast performance 
in the final tests. In the other two tasks the same pattern is evident for the 
younger subjects, but the coefficients are smaller and only pass the significance 
test at the 5-per-cent level of confidence. In the older subjects the correspond- 
ing correlations are zero; amount of learning is unrelated to final per- 
formance level in either the simple or the discrimination backhand move- 
ments. It seems that individual differences in learning are subject to both 
age and task influences in their extent of determination of final attainment. 

It may be noted that the systems of intra-task correlations are internally 
consistent within each task and for each age group. As a test of this, all of 
the partial correlations have been computed, and are found to fall within the 
range r = 0.93 to 0.99. Therefore, one may with some confidence compute 
the beta coefficients and by utilizing their products with the associated correla- 
tion coefficients (3, p. 261) estimate the per cent contribution of individual 
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differences in initial score and learning as factors determining individual 
differences in the final performance level in each task. This has been done 
in Table 4. The multiple R’s are also shown in the Table. Since they are all 
close to unity, it is evident that the intra-task correlations require no correc- 
tion for attenuation (this would be expected, since the learning scores are 
fully determined by initial and final score magnitudes) . 


TABLE 4 


Relative Contribution (in per cent) of Individual Differences in Initial Score and Learning 
to Final Score 


Age 10 Age 15 
Task Initial | Learning | R Initial | Learning | R 
Simple forehand 35.6 62.7 0.992 93.6 0.6 0.971 
Discrim. forehand >_> 62.0 34.8 0.984 90.8 11 0.958 
Discrim. backhand === 52.4 40.6 0.965 63.3 28.7 0.960 


Note: The relative contributions have been computed as the products of the beta coefficients 
with the corresponding r’s (3, p. 261). 




















Age Differences in Effects of Learning. It is evident from this analysis that 
initial scores are in general more important than the amounts of learning in 
determining individual differences in the final level of skill. There is one 
exception; in the simple forehand response, learning is more important than 
initial score in determining the final score. Learning exerts a much larger 
influence in the younger subjects than in the older boys—in fact, the learn- 
ing plays a negligible role in two of the three tasks for the 15-year-olds and is 
less important in the remaining movement than it is for any of the three in 
the 10-year-olds. This does not mean in any sense that the older subjects do 
not learn—rather, it means that individual differences in learning are small 
as compared with the individual differences in initial performance in the older 
subjects. It will be recalled that the evidence in Table 1 showed that the 
amount of learning was highly significant in both age groups, and the mean 
differences in amount of learning in the two age groups was only of borderline 
statistical significance in the very tasks in which the most striking differences 
are now found with respect to the relative contribution of individual differ- 
ences. This is an example of the necessity of supplementing analysis of mean 
differences by correlational analysis in order to understand the role of in- 
dividual differences. 


AGE DIFFERENCES IN LEARNING RATE 

With respect to age differences in rate of learning, it was shown in Table 1 
that there is a definite tendency for the younger subjects to improve somewhat 
more than the older boys, when both age groups receive the same amount 
of practice. This does not necessarily mean that the rate of learning is faster 
in the younger group. For example, if one asks how many trials are required 
to secure a single trial mean performance that differs by a statistically sig- 
nificant amount (at the 5-per-cent level of confidence) from the cumulated 
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average score up to that point, it turns out that three trials are required for 
the simple forehand response in each age group, as shown by the broken 
lines in Figure I. In the discrimination problem, two forehand trials are re- 
quired, with no age difference. The backhand response yields somewhat 
equivocal results because of irregularities in the curve of the older subjects, 
but a smooth curve through the graph would indicate three trials are required 
for them, which is the same as the requirement for the young group in 
this task. 

Attempts to fit a mathematical curve system to these graphs in order to 
quantify the learning rates with greater accuracy has not been fully satisfac- 
tory due to the irregularity of the points. The impression gained through 
these attempts is that there is little if any age difference in rate of learning. 
Cozens (1) found that a parabolic equation of the form Y = X? described the 
improvement due to a semester of practice in such events as the dash, half- 
mile run, broad jump, discus, etc. Of course, this improvement was due to 
athletic training as well as learning, and the equation may not be theoretically 
correct for true learning curves. It is found that a general form of the 
parabola does describe the learning in the present experiment quite as well 
as certain other formulae that were tried (as for example, an exponential 
equation). The equation used is y = at —* where y is the time required to 
perform the motor act, a is the initial performance, t is the number of practice 
trials, and & is the rate coefficient. The mathematical curves have been drawn 


in Figure II, using a log-by-log graph so that the parabolic curves will plot 
as straight lines having slopes proportional to the rate coefficient. 
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Ficure II. Parabolic Learning Curves. Use of logarithmic co-ordinates results in a 
straight-line plot of the equation y = at—*. 


It is rather interesting that the same rate coefficient (k = 0.076) seems 
correct for both the simple and the discrimination forehand movement data, 
whereas the backhand movement requires a considerably larger coefficient 
(k = 0.117). Identical rate coefficients have been used in both age groups. 
Inspection of the figure suggests that the learning progresses slightly faster 
in the younger age group, since the points tend to fall below the line for them 
in the later part of the learning period, but the difference is small. 
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Discussion 


It would seem that the position of Munn (8), rather than McGeoch and 
Irion (7), is substantiated by these data. If the rate of motor learning 
changes with age, it tends to become slower rather than faster in the older 
subjects. Any possible difference in rate is, however, not impressive in the 
present experiment. There is more consistent evidence that the amount of 
learning is greater in the younger group. While small in comparison with 
the large age differences in initial and final performance levels, it seems 
to be definitely present and contradictory to the general expectations of 
McGeoch and Irion. 

The finding of moderately high correlations, negativ in sense, between 
amount of learning and initial amount of skill, is quite different from the 
intra-task relationships observed by Woodrow (9) for problems in which the 
motor-learning compenent was small or absent. He reported low correlations 
ranging between r — 0.24 and —0.05 between initial scores and learning 
in digit substitution performed by 82 subjects, whereas his correlations be- 
tween learning and final score for these tasks ranged from r = 0.75 to 0.82. 
In the present experiment, the comparable correlations are quite small, and 
several are zero, although they are positive in sense (i.e., the large learning 
scores are associated with fast performance in the final test). The other 
problem for which he made this type of analysis was horizontal adding 
(essentially a mental task); in this case the relation between learning and 
final score was very high, r = 0.93. It seems very likely that the inter-rela- 
tionships may be quite different in motor and non-motor learning. 


In the Heese study of fine motor skills (4), the only intra-task correlations 
reported are those between initial and final scores. The coefficients found 
for his 50 subjects range from r — 0.25 for maze tracing to 0.55 for mirror 
tracing and 0.65 for the typing test. These results are similar to those ob- 
tained in the present study. 

With respect to task specificity of motor learning, the results obtained by 
Heese on the precision type of fine motor skills are confirmed for an entirely 
different type of response using gross motor movements of a non-precise type. 
There is, however, suggestive evidence that the degree of specificity of the 
latter type of response may be somewhat less in the younger subjects. 

The evidence presented to illustrate the danger of the confusing motor’ 
educability with ability (the former being necessarily identified with ability 
to learn and the latter with performance level) agrees with certain con- 
clusions of Gire and Espenschade (2). While these investigators did not 
compare individual differences in learning with differences in performance 
level in the same task, as was done in the present experiment, they did fail 
to find any consistent or substantial correlation between non-learning tests 
purporting to measure motor educability and the actual amounts of motor 
learning in several activities. It should also be mentioned that Woodrow (10) 
has been fully cognizant of the hazards of confounding performance level with 





174 The Research Quarterly, Vol. 27, No. 2 


learning. He has shown that certain types of widely used learning scores 
such as total errors or total successes in the practice period are uninter- 
pretable because, even though correlated with learning, they may be correlated 
even more highly with performance level. The latter may in some cases be 
strongly influenced by prior learning, but on the other hand it may not be, 
and there are certainly other factors that are always operative in determining 
its magnitude. 

It seems appropriate to comment on the infrequency of studies of learning 
in the physical education research literature. Only slightly more than 2 per 
cent of the articles published to date in the Research Quarterly have been con- 
cerned with this topic to the extent that an index entry has resulted, and in 
most of the instances the concern with learning has only been incidental. The 
nature of motor learning, the factors that influence its progress favorably or 
unfavorably, the amount of practice required to secure a specified amount 
of improvement; the location of plateaus in typical motor skills and the 
methods by which further learning can be accomplished, outline only a few 
of the problems that await solution in this relatively inactive field. 


Summary and Conclusions 


Seventy-three boys age 10 years and 72 boys age 15 learned a sensory- 
motor problem involving stimulus discrimination and choice of a forehand or 
backhand movement depending on the stimulus. Forty per cent of the boys 


also learned a non-discrimination problem utilizing similar movements but a 
different stimulus. 

The younger boys averaged 22 per cent slower than the older ones in initial 
performance for the simple motor task; in the discrimination tasks they were 
25 and 33 per cent slower. Their amount of learning was greater than that 
observed in the older group, although this age difference was considerably 
less significant, statistically, than was the case for initial and final perform- 
ance scores. Age differences in rate of learning, estimated from a parabolic 
learning curve, were negligible. Inter-task differences in amount of learning 
were small, even though initial and final performance scores were consider- 
ably different in the three tasks. 

The correlations between individual differences in the performance of the 
three tasks were not high, even when corrected for attenuation in both 
variables. Inter-task correlations of amount of learning and also of individual 
differences in initial skill were larger in the younger boys, suggesting that 
the relative specificity of motor learning increases between ages 10 and 15 
years. 

Individual differences in final performance of the two forehand movements 
were almost entirely determined, and backhand speed was 63 per cent de- 
termined, by initial amount of skill rather than by learning in the older age 
group. In contrast, learning was an important determiner (35 to 41%) of 
final performance of the younger boys in the discrimination tasks and 
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accounted for 63 per cent of individual differences in final skill in the simple 
forehand response. Approximately 50 per cent of individual differences in 
learning in the younger boys and 40 per cent in the older group were pre- 
dicted by the initial performance scores, but the sense of the relationship was 
negative rather than positive, indicating the futility of measuring motor 
educability by using performance scores without including direct estimates 
of learning aptitude. The intra-task relationships were quite different from 
those reported by others for non-motor tasks such as addition. 

Evidently, the 10-year-old differs from the 15-year-old in being slower in 
motor performance of the type measured. On the average, he learns more 
than the older boy before the plateau is reached, but probably approaches 
the plateau at the same rate. His final skill is more determined by his ability 
to learn than is characteristic of the 15-year-old. Individual differences in the 
final skill of the latter are chiefly determined by initial skill. Even among 
gross motor tasks that are similar, task-specificity is great; it tends, however, 
to be less in the younger boy. Individual differences in final score are rela- 
tively as great as in initial performance, although this conclusion must be 
qualified by consideration of the possibility that learning was not yet com- 
pleted for some individuals in this experiment, even though it was sub- 
stantially completed for the average. 
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Abstract 


In three motor learning experiments (jumping, speed of arm movement and balancing), 
raw learning scores are unrelated to final degree of skill but are negatively correlated 
with initial performance. Using the method of residuals to hold statistically constant the 
influence of initial skill, it is possible to compute derived learning scores which are un- 
related to initial skill and at the same time substantially correlated with learning and also 
with post-learning performance. Since these scores estimate the individual learning that 
would have occurred if each person had started at the same level of initial skill, they 
should prove practically useful as true measures of motor educability. The method can 
readily be applied to the construction of tabular norms in which several variables must 
be taken into account. It has also been used to define an endurance index. 


THE TERM PHYSICAL EDUCATION presupposes a concern with instruc- 
tion; the effectiveness of instruction is necessarily evaluated in terms of im- 
provement in skill or knowledge on the part of the learner. As a matter of 
convenience, the attained performance level is often assumed to be propor- 
tional to the amount of learning, but this assumption is frequently deceptive 
because of the high correlation between pre-instructional and post-instruc- 
tional performance levels (3) and the extremely variable correlation between 
improvement and either initial or final skill (6, 10). 

These facts have led some investigators to an insistence that learning must 
be evaluated strictly in terms of improvement that is due to instruction and 
practice (9,11). While this dogma appears necessary in certain types of re- 
search analysis, it does not follow that it leads to a logical evaluation of indi- 
vidual differences in learning in all research or in a practical teaching situa- 
tion—indeed, the very presence of substantial correlations between amount of 
learning so defined and performance level proves it to be illogical in the 
latter frame of reference. One obvious method to avoid the dilemma is to use 
some kind of percentage score in order to relate learning to performance level. 
While this method has received considerable use (7, 8), it has been severely 
criticized by Woodrow (11) and can be shown to have additional theoretical 
objections (1, 2).? 


+ 


1McCraw, in an article published since this was written, has discussed several types of 
learning scores and has listed additional references. See Research Quarterly, 26: 440-453, 
1955. 
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Method 


The desired learning score is one that shows a minimum correlation with 
initial performance level anid at the same time a maximum correlation with 
amount of improvement. Ratio scores (e.g. percentage improvement scores) do 
not achieve this end (2) ; neither do simple subtractive scores (1). The funda- 
mental problem of method is similar to that involved in computing the “resid- 
ual” type of endurance index in running (4). Using an algebraic simplifica- 
tion of the formula that the writer has presented elsewhere for that purpose 
(5, p. 463), with the symbol W representing the desired score we may write 

W=Y—bX+C [1] 
where Y is the individual's learning score, X is his pre-learning performance 
level, b = rz,0,/o% and C = bM,. 

The score W may be called the attainment score. It specifies how much the 
individual learner has improved (in raw score units), after a correction for 
whatever advantage (or disadvantage) in learning he may have received by 
starting the learning process at a level that was higher or lower than average. 
Since the correction has been computed from the regression equation that 
predicts amount of learning from the pre-learning performance, the formula 
yields the net amount of learning when individual differences in the factor X 
are held statistically constant. 


Limiting Conditions. While the attainment score has a minimum correla- 
tion with the pre-learning performance, this correlation is not necessarily zero 


—it may retain a finite positive magnitude. The degree to which it can ap- 
proach zero is limited by the consistency requirement that the partial corre- 
lation between W and X, with Y held constant, cannot exceed unity. It results 
from this that the nearest it can be to zero is determined by the boundary 
magnitude ry Try — wy Koy where k is the coefficient of alienation. If ryy and 
Tzy are equal to or less than 0.707, the magnitude of r,,3 can be zero; if they 
have conjugate values such as 0.80 and 0.60 or 0.90 and 0.44 or 0.95 and 0.31 
it can also be zero. If they are larger, r,.. must be greater than zero—for ex- 
ample when they are both 0.80 it must be 0.28 or larger; when they are both 
0.90 it must be 0.62 or larger; when one is 0.80 and the other 0.90 it must be 
0.46 or larger, etc. Usually, however, the correlation r,,. will be close to zero. 


Results 


Learning to Jump. Sixty college men were given seven consecutive trials in 
vertical jumping, using the Sargent technique with a simplified “leap-meter” 
to expedite measurement. There was no preliminary practice. Rests of ap- 
proximately two minutes were allowed between trials. Amount of learning, 
estimated as the amount of improvement from trial 1 to trial 7, was highly 
significant (¢ = 9.8). 

The mean performance in these trials, and the standard deviations, are 
given in Table 1. This information, together with the correlation coefficient 
relating the improvement to the initial performance level (rz, = —0.599) has 
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been substituted in the formula in order to compute the W scores. Various 
intercorrelations are also shown in the table; these will be discussed later. 


TABLE 1 


Mean Scores and Intercorrelations in Jumping Test 
(Height Jumped in inches) 





Factor 


M 
o 





Attainment (W) Initial (X) | Learning (Y) Final (Z) 
| 


1.74 18.11 | 1.73 19.48 
1.015 2.40 1.35 2.04 


0.16 =| eet |  —0.599 0.827 
0593 | 0.599 petis —0.044 
0.668 0.827 —0.044 ean 








Tx 
Ty 
Ts 








Learning an Arm Movement. Thirty college men were given 16 consecutive 
trials on a speed-of-movement apparatus. The subject rested his index finger 
on a reaction key. In response to an auditory signal he moved his hand up- 
ward and to the right 12 inches to knock down a tennis ball suspended on a 
string, then downward and to the left 18 inches to press a push button, and 
finally upward and forward to knock down a second tennis ball. An electric 
chronoscope recorded the time from the beginning of the first movement to the 
completion of the last. Reaction time was not included in the score. 

Since single trials are not very reliable for data of this kind, initial per- 
formance level was taken as the average of the first three trials and final per- 
formance level was taken as the average of the last three. Improvement was 
of course the difference between these two averages. The performance data, 
W score, and intercorrelations are given in Table 2. Improvement was highly 
significant (¢ = 12.1). 


TABLE 2 


Mean Scores and Intercorrelations in Arm Movement Test 
(Time in seconds) 
Initial (X) | __Learning (Y) Final (Z) 


| 
0.644 | 0.179 | 0.464 
0.103 | 0.080 = 0.070 








Factor | Attainment (W) 


M 0.173 
o 0.0605 


| 
| 
| 
rs 0.130 | Rms | 0.677 











0.630 
Ty 0.682 0.677 —0.138 


Ts | 0.586 0.630 | —0.138 





Learning to Balance. Forty-six college men were given five consecutive 
practice periods on a pivoted balance platform (stabilometer). The subject 
stood on the platform in the erect position; his task was to learn to keep it 
approximately level, engaging in a minimum of movement. Degree of success 
was measured in arbitrary units of stabilometer movement, by means of a 
graphic recorder attached to the platform. Each trial consisted of 30 seconds 
of net exposure, not counting time during that part of any period that the 
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subject was so far out of balance that the platform was held against the end- 
stops. Rest periods of two minutes were given between trials. Learning, 
defined as the improvement between initial and final trials, was highly sig- 
nificant (¢ = 10.4). The results are given in Table 3. 
TABLE 3 
Mean Scores and Intercorrelations in Balancing Test 
(Platform and movement in arbitrary units) 
Measure Attainment (W) _ Initial (X) Learning (Y) Final (Z) 

M 12.4 41.8 12.5 29.3 

o 5.26 14.03 8.05 8.65 

Tx —0.144 enon 0.729 0.850 

Ty 0.469 0.729 ee 

Ts —0.579 0.850 0.267 























Discussion 

In all three sets of data there are found substantial negative correlations 
(r = 0.60, 0.68 and 0.73) between initial performance ability and amount of 
improvement. These correlations carry a positive sign in Experiments 2 and 
3 because of the type of scoring, but the relation is negative in direction be- 
cause poor performers, i.e, those who moved slowly in hitting the balls or 
those who moved the balance platform a great deal in their attempts to achieve 
balance, were the individuals who made the largest improvement. Even so, 
they still scored poorly in final skill, so it would be illogical to consider their 
motor educability as high. 

Amounts of improvement show approximately zero relationship with final 
degree of skill in Experiments 1 and 2 (r = 0.04 and 0.14) ; this correlation 
is somewhat larger in Experiment 3, but is too small to be statistically sig- 
nificant. One would therefore gain the erroneous impression from this con- 
ventional type of analysis that the learning experience had made no contribu- 
tion to individual differences in the final degree of skill achievement. 

In decided contrast, the W scores show substantial correlations with learn- 
ing (r = 0.59, 0.68 and 0.47) and also with final skill (r = 0.67, 0.59 and 
0.58) ; thus they meet the two criteria of true motor educability measurement 
(6). The signs are consistent in signifying that those who tend to improve a 
relatively large amount, considering their initial level of skill, tend to achieve 
a high final performance. There is of course an additional factor involved in 
the final skill attainment, namely the tendency for individuals who are most 
skillful in the initial test to maintain their position of high skill in the final 
test. 

The operation of these two factors can be understood more readily if the 
final performance Z is considered a criterion, to be predicted by the initial 
performance X and the adjusted attainment W. In the case of Experiment 1, 
the resulting multiple correlation is R = 0.99. The relative contribution of 
the two factors, estimated by the usual beta coefficient method, is 62 per cent 
from initial skill X and 38 per cent from learning attainment W. In Experi- 
ment 2, initial skill contributes 53 per cent and W contributes 47 per cent; 
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R = 0.925. In Experiment 3 the initial skill is a more preponderant factor, 
contributing 71 per cent to a multiple R of 0.97 as compared with only 29 
per cent contribution from W. 

In the light of these results, it would appear that the use of the statistical 
correction furnished by the residual method is just as important in evaluating 
learning as it is in evaluating endurance. Individual differences in learning 
can be fairly treated, even though the initial performance level is hetero- 
geneous. Since the W scores represent the best possible linear statistical esti- 
mate of what the individual learning scores would have been if all subjects 
had been of equal proficiency at the start of the learning period, they should 
be of considerable practical utility. 

Care must be taken to insure that grouping errors are small, otherwise the 
weighting coefficient b may be so inaccurate that the correlation ry, is not zero. 
It is possible to make an empirical correction to b in such a situation. An 
increase of 3 or 4 per cent in b in the first two experiments, or a decrease of 
3 per cent in the third, would have resulted in r,,3 being more exactly zero. 
Evidently some degree of skewness of distribution can be tolerated — the 
scores in Experiment 3, for example, were positively skewed—but extreme 
skewness will probably cause trouble. 


Application to Tabular Norms 
It will sometimes be desirable for administrative convenience to tabulate a 
series of norms, ordered with respect to the initial performance ability X. 
To do this, the correlation rz, may be used to predict the mean normal im- 
provement Y’ from a spaced series of X values, using the regression equation 
Y'= bX — C+ My [2] 
where the coefficients b and C have the same meaning as before. Table 4 
gives a set of such norms computed from the three sets of data. If desired, T 
scores could be calculated for each of the X categories, using as a base the 


TABLE 4 
Learning Norms for Heterogeneous Initial Skill 
Jumping (Inches) | Arm Movement (Seconds) | Balancing (Movement) 
Initial (X) Norm (Y’‘) Initial (X) Norm (Y’‘) | Initial (X) Norm (Y‘) 
0.76 «| ~~ (0.9 0.313 24.3 
109 «| 080 0.261 | 20.1 
| 
| 














| 


1.43 0.70 0.209 15.9 
1.77 0.60 0.156 11.8 
| 2.10 0.50 0.100 : 7.6 

2.44 0.40 0.051 3.4 











partial standard deviation o, ; = o,k,,. One should however be hesitant in 
placing too much reliance on a set of T scores computed in this manner—they 
would be dependable throughout the range, only to the extent that the as- 
sumptions of normal curve statistics have been met. The mean norms are 
relatively insensitive in this respect, the chief concern having to do with 
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linearity of regression. It should be mentioned that both of the equations can 
be adapted to the purpose of holding more than one variable statistically 
constant, by including the appropriate partial regression terms. 


Summary and Conclusions 

Three motor learning experiments are described, one in which 60 subjects 
showed a marked improvement in vertical jumping during the course of 
seven trials, a second in which the speed of performing a complicated arm 
movement increased greatly in 30 subjects as a result of 16 practice trials, 
and a third in which a large amount of learning in the skill of balancing was 
observed in 46 subjects during five practice trials. 

Correlations were fairly high (r = 0.63 to 0.85) between initial and final 
degrees of skill. Raw learning scores were negatively correlated with initial 
skill (r = 0.60 to 0.73), but had no significant relation with final attainment 
(r = 0.04 to 0.27). 

By holding statistically constant the influence of individual differences in 
initial skill, it was possible to compute a set of corrected learning scores that 
exhibited approximately zero relationship with initial skill, These derived 
scores were found to have substantial correlations with raw learning scores 
(r = 0.58) and also with final skill attainment (r = 0.61). They are there- 
fore unique in offering valid measurement of motor educability in terms of 
both aspects of its definition. 

The statistical method developed was found to be similar to the “residual” 
technique of estimating individual differences in endurance. Practical appli- 


cations were discussed, including the problem of setting up tables of norms 
and the possibility of holding several variables statistically constant. 
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Influence of Puberal Development 
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Abstract 


Junior high school boys, classified into stages of pre-pubescent, pubescent, and post- 
pubescent development, performed two exercise trials on a bicycle ergometer, one trial 
motivated by personal urging and encouragement and the other trial non-motivated. Re- 
sponse to exercise and motivation was observed in terms of work output and cardiovascu- 
lar adjustment. Significant differences in work output were found between the puberal 
groups, but the differences between the motivated and non-motivated trials were not 
significant. Cardiovascular recovery from exercise was hindered by motivation; also 
nausea was a frequent occurence following the motivated trial but not following the 
non-motivated trial. 


THE ROLE OF physical exercise and sports activities in promoting physical 
development is well recognized. However, the effects of exercise under highly 
motivated conditions such as is found in organized competition among junior 
high school boys has been questioned (2, p. 89; 13, p. 194; 30, p. 17). The 
degree of puberal development appears to be an influencing factor in the 
responses of a growing boy to exercise and to emotional stimulation. 


Problem 


In this study, the acute responses of pre-pubescent, pubescent and post- 
pubescent boys to motivated and non-motivated exercise has been investigated. 
Specifically, the study attempted to determine the differences in work output 
and cardiovascular adjustment between motivated and non-motivated exercise 
for each of three puberal groups and also the differences between the groups 
under each of the two exercise conditions. The relationship of nausea to work 
output and motivation was also observed. 


ow 
| 


Procedure 

The subjects in this investigation were 59 junior high school boys 12 to 13 
years of age. All subjects were given physical examinations by a school physi- 
cian prior to the experimental tests and were classified by him as pre-pubes- 
cents, pubescents, or post-pubescents according to Crampton’s Pubic Hair 
Criteria (10). There were 25 boys in the pre-pubescent classification, 19 in 
the pubescent classification, and 15 in the post-pubescent classification. 

The exercise consisted of pedaling a bicycle ergometer at maximum effort 
against a fixed resistance of five pounds. This resistance was such as to allow 
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every boy to pedal as rapidly as he was able. Each of two trials, one motivated 
and the other non-motivated, was broken up into eight bouts of work each 
lasting for 30 seconds, and the work bouts were separated by rest periods of 
_30 seconds duration. This procedure of intermittent exercising was selected 
to simulate actual competitive conditions which so often are characterized by 
stop and go tactics and sudden bursts of speed which last for only a brief 
period of time. 

The responses to exercise were measured in terms of work output as re- 
corded in foot pounds by the bicycle ergometer, and cardiovascular adjust- 
ments as measured by changes in heart rate and blood pressure during and 
following each exercise trial. Heart rates were counted by palpation or auscul- 
tatory technique using a mercurial sphygmomanometer. The arrangement of 
the experimental apparatus is shown in Figure I. 


Ficure I. Arrangement of Subject, Investigator, and Apparatus During Experimental Ex- 
ercise Trial. 


The methods selected for motivating the subject during the motivated trial 
were the establishment of a competitive situation prior to exercise and the use 
of personal urging and encouragement during the exervise trial. Before 
starting the motivated trial the subject was told he was competing against his 
schoolmates and also against boys from a rival school. During the motivated 
trial he was continually encouraged to work at maxi:nal effort. Prior to the 
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non-motivated trial the subject was instructed to pedal as fast as possible but 
he then was permitted to perform the exercise in the absence of any kind 
of encouragement. 

Work output data and cardiovascular findings were treated statistically 
using the analysis of variance technique and Fisher’s t-test. The F-test was 
used initially to determine whether or not statistically significant differences 
existed (a) between the means of the two trials for each of the three puberal 
groups, and (b) between the means of the puberal groups for each of the two 
experimental exercise trials. If a statistically significant F was found with 
this procedure, Fisher’s t-test was applied to the data. The t-test for cor- 
related means was used in analyzing the means of the differences between 
the exercise trials for each puberal group, and the t-test for non-correlated 
means was used to analyze the differences between the means of the three 
puberal groups. The 5-per-cent level of confidence was accepted as indicating 
statistically significant differences. 

Recovery blood pressures were not studied statistically because the in- 
dividual fluctuations were so great that systematic analysis was not feasible. 
However, recovery blood pressures, recorded observations, and the subjects’ 
reactions to the tests were reviewed in analyzing the data relating to the 
nausea cases and to the adjustments of the subjects to motivated and non- 
motivated exercise conditions. 


Discussion of Results 


RELATIONSHIP OF SIZE AND PHYSIOLOGIC MATURITY TO PHYSICAL PERFORMANCE 

The findings showed that the factors of height and weight were related to 
physiological maturity. Table 1 shows that, on the average, pubescent boys 
were taller and heavier than pre-pubescent boys, and the mean height and 


TABLE 1 
Height and Weight for Three Puberal Groups 








| Height | Weight 


Group Mean Range 


Pre-pubescents 59.20 55.590-62.75 | 87.26 66.00-113.00 


Mean Range 





he ee 60.77 57.25-65.50 101.04 78.00-147.00 
Post-pubescents ==» || = 63.51 58.50-67.75 116.30 100.00-143.00 


Norse: Height in inches, weight in pounds 





weight of post-pubescent boys was greater than either of the other two puberal 
groups. However, the heights and weights of individuals in all three puberal 
groups fell within the over-all range. The mean height of post-pubescent boys 
was about four and one-third inches greater than pre-pubescent boys and their 
mean weight was about 29 pounds heavier than the pre-pubescent group. 
These figures correspond closely to Dimock’s (11) figures of 14-year-old 
boys which showed that the post-pubescent boy exceeded the pre-pubescent 
boy in height by four and one-half inches and in weight by 33 pounds. 
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The findings of this investigation in relation to physical performance 
appear to confirm the observations of McCloy (23), Dimock (11), Jones 
(17), and Keithly (19), in that post-pubescent boys are, on the average, 
capable of greater physical performance than are boys in the earlier stages 
of pubescence. In this study, post-pubescent boys performed a significantly 
greater amount of work than either of the other two puberal groups, but there 
was no statistically significant difference between the mean work output of 
pubescent and pre-pubescent subjects (Table 2). 


TABLE 2 
Differences in Work Output Between Puberal Groups 





Mean Level of 
Group Mean; Means Difference t Confidence 


Non-Motivated 
Pre-pub.—Pub. _......|_ 279.89 298.72 18.83 1.737 Not Sig. 
Pre-pub.—Post-pub. | 279.89 322.47 42.58 3.403 1% 
Pub.—Post-pub, _ _| 298.72 822.47 23.75 2.004 5% 

Motivated 
Pre-pub—Pub. —..-__. 285.00 305.44 20.44 1.885 Not Sig. 
Pre-pub.—Post-pub. __..__| 285.00 331.87 46.87 3.698 1% 
Pub.—Post-pub, | 305.44 331.87 26.43 | 2.234 5% 


Notg: Mean, refers to mean of puberal group first designated, Meany, to group designated second. 
Figures are in 100-ft.-lb. 























Post-pubescent boys were larger, on the average, than either of the other 


two puberal groups, and there is a positive correlation between work output 
and physical size. However, pubescent subjects as a group, while physically 
larger than pre-pubescent subjects, did not perform a significantly greater 
amount of work. Moreover, it was observed that the greatest amount of work 
was not performed by the tallest or heaviest boy nor was the least amount of 
work performed by the shortest or lightest boy. The greatest amounts of work 
were performed by boys who had an athletic-type build and were post- 
pubescent. This agrees with Jones’ (17) observation that early maturing boys 
were more likely to be mesomorphs, probably more athletic, and on the aver- 
age, superior in strength to the late maturing. 

The foregoing statements would seem to indicate that, under the conditions 
of this investigation, the superiority of post-pubescent subjects in performing 
work is partly the result of greater size, and, in addition, is probably also due 
to some factor of maturation present to a greater degree in post-puberty than 
pre-puberty. 

RESPONSES OF PUBERAL GROUPS UNDER MOTIVATED AND NON-MOTIVATED 
EXERCISE CONDITIONS 

Work Output. Individual differences in emotional reactivity are observed 
to produce the considerable variability of response to specific emotional 
stimuli. Many observers (4; 17, p. 39; 21, p. 464; 25, p. 218) have noted 
that personal encouragement has had a beneficial effect on improving per- 
formance, especially in the field of athletic sports. On the other hand, certain 
kinds of emotional stimuli have been shown (20, p. 236) to produce negative 
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effects on. performance (e.g., razzing), or even the energizing influence of 
encouragement may serve to diminish performance in some competitors, 
especially if applied at the wrong time (18, p. 39; 25, p. 218). 

In this investigation, motivation consisted of establishing a competitive 
situation prior to the motivated trial, and during the exercise trial the 
performer was continually encouraged to work at a maximum pace. The 
results of the experiments showed that the effect of personal. urging and en- 
couragement was not the same for all individuals as far as work output was 
concerned; some subjects increased their work output under motivation, 
whereas others performed less work. None of the puberal groups showed a 
mean increase in work output in the motivated trial over the non-motivated 
trial that was statistically significant (Table 3). 


TABLE 3 


Comparisons Between Motivated and Non-Motivated Trials 





Mean Mean Non- Mean Level of 
Condition Motivated Motivated Difference t Confidence 


VW ork Output 
Pre-pubescents 285.00 279.89 5.11 
Pubescents 305.44 298.72 6.72 761 
Post-pubescents 331.87 322.47 9.40 

Maximum Systolic P. 
Pre-pubescents __._____| 128.63 136.26 7.63 
Pubescents _..__.___} 140.56 | 140.08 48 
Post-pubescents _..___| 151.60 152.27 67 

Maximum Heart Rate 
Pre-pubescents | 186.58 | 183.16 
Pubescents _....._-_| 182.40 | 182.20 .20 
Post-pubescents _....____| 183.33 | 187.00 3.67 


Norge: Work output is in 100 ft-pds., heart rate in beats per minute and blood pressure in mm. 
of mercury. Low F values for maximum heart rate did not justify solving for t. 








8.42 
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The failure of some subjects to increase their work output under motivated 
conditions cannot be explained with sureness. There was no doubt that these 
subjects were stimulated by the urging and encouragement they received 
while exercising. The stimulating effect of motivation was evidenced by an 
increased heart rate ard an attempt to increase their pace when verbally en- 
couraged to do so. However, some factor seemed to be operating which 
prevented them from producing a net work load greater than that which they 
produced without any exhortation. 

It is possible that the urging and encouragement the subjects received while 
pedaling the ergometer served to overstimulate them to the point that in- 
creased tonus in the antagonistic muscles inhibited rapid muscular movement 
and made it impossible for them to attain maximum speed. Measurements 
of muscular tension were not made in this study. However, tension reaction 
to motivation was observed by Morehouse and Cooper (25, p. 218) with ex- 
perienced players in athletic sports who became overstimulated and experi- 
enced sensations they referred to as “tying up,” or “choke.” 
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Another possible reason for the failure of the subjects to improve their 
performance under motivation was the factor of pacing. There was little 
doubt that many of the subjects, when encouraged to do so, increased their 
pace to a maximum speed which they were unable to maintain for the entire 
work bout. This had the effect of fatiguing many of them so extremely that 
they could keep going toward the end of the experimental run only with very 
intense effort. Some of the subjects during the non-motivated run set a pace 
that was submaximal but one which they could maintain for a longer time 
at a higher average work load for the entire exercise period. This resulted in 
greater total work output under non-motivated conditions for these well-paced 
subjects. 

For many of the subjects, urging and encouragement was not overstimulat- 
ing but served to keep them working at a rapid pace which decreased in non- 
motivated runs as they began to tire. These subjects performed more total 
work under motivated conditions. 

Cardiovascular Responses. In this study the average resting heart rates for 
the three puberal groups ranged from 71.07 to 75.37 beats per min. and the 
average resting systolic blood pressure from 106.05 to 119.73 mm. Hg. (see 
Table 4). Systolic blood pressure values at rest compare closely with those of 
other investigators (5, 7, 24, 33). The mean heart rates of the boys in this 
study were somewhat lower. In this study the resting heart rates were taken 
after the subject had sat quietly on a chair for from five to ten minutes. 


TABLE 4 
Heart Rates and Blood Pressures Before Exercise 





| 


Mean Mean 
| Trial I Trial II 


Cardiovascular Response 

Resting Heart Rate . 
Pre-pubescents —._. ess ees 75.21 75.37 
a ean ORS ae 72.24 74.40 
Post-pubescents Ra errs tnces Mien Rie SEL ee RPL 71.87 71.07 
Resting Systolic Pressure 
Pre-pubescents —____- rere oP eet | Cee 106.05 106.89 
IM ae 111.12 110.28 
Post-pubescents — . 119.73 116.87 


Nore: Heart rates are in beats per min.; systolic blood pressures in mm. of mercury. 

















During exercise, maximum heart rates up to 210 beats per min. were 
observed. The average maximum rates for the three puberal groups under 
motivated and non-motivated conditions are shown in Table 3. Other in- 
vestigators working with comparable age groups have reported maximum 
heart rates up to 204 beats per minute (6, p. 27) and 193 beats per min. 
(29), and average maximum heart rates during strenuous exercise of 195 beats 
per min. (12) and 182.6 beats per min. (6). The extreme high heart rates 
obtained in this study are indicative of the intensity with which the work was 
performed. 
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Mean maximum systolic blood pressures during non-motivated exercise 
showed an increase of about 30 mm. Hg. above resting levels for pre- 
pubescent subjects and an increase of about 35 mm. Hg. for post-pubescent 
subjects (see Table 3). These values compare closely to those of Seham 
and Egerer-Seham (29) who observed an average rise in blood pressure 
during exercise of from 35 to 41 mm. Hg. for children between nine and 
15 years of age. Diastolic pressures were not recorded during exercise. 

It would seem reasonable to expect that the heart rate during motivated 
exercise with its accompanying emotional excitement would be higher than 
during non-motivated exercise. Whitehorn and others (35) found that 
moderate exercise increased the heart rate from about 80 to over 120 beats 
per minute and that an emotional disturbance increased it even further. This 
was not found to be the case in this study, however. Maximum heart rates 
and blood pressures were not significantly different between motivated and 
non-motivated exercise for the pubescent and post-pubescent groups, and 
pre-pubescents had a lower mean heart rate during motivated exercise (Table 
3). This may be explained by the nature of the exercise, which was very 
strenuous, in some cases even exhaustive. The upper limits of heart rate 
were attained by most subjects even during non-motivated exercise so that 
motivation was unable to effect a further increment. 

In Table 3, it is shown that the pre-pubescent group also had a significantly 
lower mean maximum blood pressure during the motivated run. It is difficult 
to explain the lower blood pressure during the motivated trial. It is known 
that in some cases of severe anxiety the over-all peripheral resistance is de- 
creased with a subsequent fall in arterial pressure. Pre-pubescent subjects, 
as a group, were somewhat more excited and apprehensive than the other two 
groups. It is possible that the additional excitatory stimulation of urging 
and encouragement during motivated exercise was such as to effect an over-all 
decrease in vascular tone. The factors producing a fall in arterial blood 
pressure possibly operated to a greater extent under conditions of intense 
anxiety, such as was often present during motivated exercise conditions. This 
reaction has been suggested by Hickam and co-workers (14). 

A more noticeable manifestation of the effects of motivated effort on heart 
rate and blood pressure was observed during the recovery period following 
cessation of exercise. Each puberal group showed a significantly higher heart 
rate following motivated exercise than following non-motivated exercise (F 
equalled 5.06, 36.97 and 61.29 for the pre-pubescent, pubescent, and post- 
pubescent groups, respectively, all significant at the 1-per-cent level of con- 
fidence), and, in many cases, the recovery curve of blood pressure was far 
more erratic following the motivated run. 

Nausea During Recovery. One of the most significant findings of this 
investigation was that emotional excitation, or stimulation, did not cause 
subjects, on the average, to perform a greater amount of work, but in many 
cases it did cause a serious alteration in their circulatory adjustment. This 
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was manifested in the condition of nausea which developed in many of the 
subjects either during the exercise or during the recovery period following 
the motivated trial. The appearance of nausea in subjects with lesser blood 
pressure elevations during motivated exercise supports the concept that these 
subjects may have experienced severe anxiety. A rather important observa- 
tion was the fact that out of a total of 22 cases of nausea—37 per cent of the 
total number of subjects and representing all three puberal groups—there 
was only one case of nausea during recovery following non-motivated exercise. 
All the other cases of nausea occurred during or after the motivated run. 

When the subjects who developed nausea during recovery or during exer- 
cise were compared with those boys who did not become nauseated, some 
striking observations were noted. A natural assumption might be that the 
subjects became nauseated because they performed a greater amount of work 
under motivated conditions. This was not generally the case, however. Table 
5 shows that the group which developed nausea performed less work during 
the motivated trial than they did during the non-motivated trial, while the 
group which did not develop nausea during the motivated trial performed 
more work during this trial. The mean difference in work output between 
the two trials for the nausea group and the non-nausea group was shown to be 
significant at the 1-per-cent level of confidence (see Table 5). This observa- 
tion emphasizes a very significant characteristic of young boys near the age 
of puberty, that is, their extreme individual variability. In this investigation 
it was found that for some boys motivation served as a helpful stimulus to 
increased work output, a stimulus well within their emotional tolerance. For 
other boys, of the same chronological age and physiological development, 
this same motivational factor served as a detrimental emotional stimulus 
which induced a lower working efficiency and so upset the body homeostasis 
that recovery was erratic and sickness resulted. 


TABLE 5 
Comparison of Work Output Between Nausea Group and Non-Nausea Group 





| Net difference | Mean difference Standard 


Group No. in work output in work output Deviation 
Nausea group 21 —24,411.00 —1,162.43 3,626.3 
Non-nausea group 38 +62,241.00 +1,637.92 1,942.3 


= 3.795 significant at the 1% level for 57 4d.f. 











Nore: Differences in work output are expressions of increases or decreases in motivated exercise 
compared to non-motivated exercise. The t is an expression of mean differences in work 
output between the nausea group and the non-nausea group. Figures are in ft.-lb. 


Values for systolic and diastolic pressures during recovery fluctuated too 
greatly to allow statistical treatment but they were valuable in analyzing 
circulatory adjustments during this period. The recovery curves of heart 
rate and blood pressure for cases who developed nausea showed more marked 
fluctuations than those of cases who did not become nauseated. This was 
especially true of blood pressure curves. A close inspection of the recovery 
blood pressure was extremely helpful in dealing with nausea cases. A sharp 
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drop of systolic pressure to low levels and a corresponding rise in diastolic 
pressure was nearly prognostic of developing nausea. The curves of systolic 
and diastolic pressure were noted to converge as nausea developed. This is 
nicely illustrated by Case #36 in Figure II. As this condition developed, 
vomiting was usually allayed by having the subject sit with his head down 
between his knees. When vomiting did occur, it was usually within the first 
or second minute post-exercise. These cases were the most difficult to detect 


Non-motivated 
Motivated 

Heart rate 
Systolic pressure 
Diastolic pressure 


Work output; 
Non-motivated » 198 100-foot pounds 
Motivated = 267 100-foot pounds 
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Minutes 
Ficure II. Heart Rate and Blood Pressure Curves for Case No. 36. Figures on the vertical 
scale are heart beats per minute and millimeters of mercury. 


as acute changes in blood pressure were often masked by otherwise normal 
pressure responses induced by the abrupt cessation of exercise. When nausea 
occurred early, i.e., within the first or second minute post-exercise, recovery 
usually continued in a normal manner comparable to cases where nausea was 
not present. Vomiting was always accompanied by acute sickness and great 
distress. However, almost without exception, the subject felt much better 
immediately after vomiting and within a very short time there was no 
evidence of his having been sick. In no case did the sickness persist or show 
any untoward effects. The condition was likely akin to a kind of “sports 
sickness” described by Steinhaus (32) which occurs frequently in athletes 
following strenuous exertion in sports contests. Jokl (16) has described the 
condition as a harmless functional disorder to which no unfavorable prog- 
nostic significance could be attached. 
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The precise cause of nausea during and following motivated exercise is not 
known. Steinhaus stated it is in some way related to a shortness of oxygen 
and to a rapid drop in blood sugar. However, Karpovich (15, p. 250) found 
that with young men who experienced indisposition following short bouts of 
strenuous exertion on a bicycle ergometer, the blood sugar level was normal, 
in some of them even elevated. He suggested that the indisposition experi- 
enced by some after strenuous exercise is the result of cerebral disturbance 
caused by an excess of lactic acid in the blood. Seham and Egerer-Seham 
(29) observed the sudden drop of systolic blood pressure preceding nausea 
and noted that the subjective signs simulated those of shock. They suggested 
this might be the result of sudden anemia of the brain. 

Hyperventilation has been suggested as a cause of nausea following mo- 
tivated exercise. This has the effect of “blowing off” carbon dioxide which 
causes the vasoconstricting center to relax the tone of the splanchnic vessels. 
When these vessels dilate, the blood pressure is caused to fall. 

Whatever the precise cause of nausea, it appears certain in this study 
that it was associated with a sudden fall in blood pressure. Because this fall 
occurred more frequently following motivated exercise, it appears likely that 
it is of vasomotor origin produced probably by an imbalance of autonomic 
nervous function. Such a condition has been suggested by Arnold (3). Dila- 
tion of splanchnic vessels and orthostatic hypotension are probably the im- 
mediate causes of the fall in systolic blood pressure. This is suggested by the 


fact that the condition of nausea was alleviated greatly by having the subject 
assume a semi-horizontal sitting position with the head placed low between the 
knees. This position eliminates the resistance of gravity and favors venous 
blood flow to the heart. 


Conclusions 


Observations in this study support the following conclusions: 

1. The reactions of adolescent boys in junior high school to exercise per- 
formed under motivated conditions are extremely variable. Boys of the same 
age, body size, and maturational development may differ greatly in their 


responses to personal urging as motivation to greater effort while performing 
strenuous exercise. 


2. When 12- and 13-year-old boys are performing strenuous exercise, 
additional motivation in the form of personal urging and exhortation tends to 
produce greater effort, as evidenced by increases in pace and more acute ad- 
justments in heart and blood pressures, but this additional effort does not 
necessarily produce greater total work output. 


3. Some boys are able to augment their work output when urged and 
exhorted to do so, while others show decreased work output under these con- 
ditions, and this decrease may be followed by adverse physiological effects 
of which nausea is the most obvious symptom. Both responses occur among 
boys in each puberal stage. 
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Abstract 


This is a study of the result of some 4,000 inventories being administered to students 
in eight junior colleges and 13 senior colleges and universities. There was a sampling 
of 2,000 men and 2,000 women. The inventory included 60 items which were prepared 
by the author after several years of review, experimentation, and then modified by several 
authorities in this field. 

The purpose of this study was to determine the interests in the various areas for 
marriage education. The results of the study indicate the differences in interests of both 
sexes for lower and upper division students. The results can be used as a guide to deter- 
to determine course content. 


TODAY, AS NEVER BEFORE, there is an ever-increasing demand for an 
intelligent approach to successful marriage. The increasing number of 
articles, publications, and amount of research devoted to this topic indicates 
an increased public awareness of the importance of this area. Educational 
institutions must now assume a more positive role in preparing youth for the 
responsiblities and privileges of marriage. 

Not only must educational institutions prepare youth for marriage, but 
they must help youth meet the problems of marriage. In a recent issue of 
Life,) a discussion of the married student revealed that the number of married 
undergraduate men and women is on the increase. From this study, it appears 
that more than 10 per cent of the undergraduates attending coeducational 
colleges are married. Continued dependence on one or both families, re- 
sponsibilities of parenthood, and the necessity for both working and studying 
may bring more than the usual number of stresses and strains to the student 
marriage. 

Fortunately, institutions of higher learning are modifying their curricula” 
to meet the needs and interests of today’s youth. Many colleges and uni- 
versities now include the area of marriage and parenthood as an integral part 


1Ernest Haveman, “To Love, Honor, Obey, and Study,” Life, 38: 21, May 23, 1955, pp. 
152-166. 
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of a broad general education program. However, it is the belief of the author 
that this area is not receiving enough emphasis. 


“A recent survey reported over 500 colleges and universities in this country 
giving courses on family relations. These vary in content and method, but 
their trend in the past 25 years has been away from preoccupation with the 
role of the family as an institution toward an increasing emphasis on prepara- 
tion for marriage and the interpersonal relations of husband and wife, and 
parents and children. A measure of the practical nature of such courses is 
the types of problems spontaneously brought by the students to the instructor 
for consultation. These relate to every phase of the physical and emotional 
aspects of marriage.”* Dr. Bowman states, “There is no doubt the need for 
marriage education and the student’s interest in it. Nor is there any doubt 
that marriage education on the collegiate level is here to stay. Sooner or later, 
most schools which profess to meet the student needs in education for life 
will incorporate marriage education in the curriculum.”* 

The problem in developing an adequate school curriculum is determining 
the needs and interests of the students. It is evident that this information 
can be best obtained from the students themselves. This study is,an attempt 
to ascertain the items of interest of college students in order to better plan, 
organize, and present a course in marriage and parenthood that is significant 
and meaningful to the students. The needs of students must also be con- 
sidered. The connotation of interest as it is to be used in this study is defined 
to be “the conscious feeling of concernment in an object, regarded especially 
as a stimulant and guide to the arousement and direction of attention.’”* 


Procedure 


The interest inventory that was used in this study was planned, developed, 
and directed by the author. The inventory was purposely limited to 60 items 
for ease of administration. These items were selected after a review of many 
textbooks and periodicals related to this field, and after a number of course 
outlines from leading colleges and universities had been carefully scrutinized. 
The items were also reviewed and screened by several leaders in the marriage 
field who offered suggestions and some modifications. 


Eight California junior colleges and 13 senior colleges and universities 
contributed to the administration of the 4,000 inventories. Location of these 
colleges varied from large metropolitan areas to small cities with a more rural 


2Abraham Stone, M.D. “Historical Backgrounds—Marriage Education and Marriage 
Counseling in the United States,” Marriage and Family Living, 11: 2, spring, 1949, Na- 
tional Council of Family Relations, Menasha, Wis., p. 38. 

3A. Henry Bowman, “Education for marriage—By-Product or Objective,” College and 
University, 27: 2, Jan. 1952, p. 259. 

4Funk & Wagnalls, New “Standard” Dictionary of the English Language, New York and 
London: Funk & Wagnalls Co., 1947, p. 1279. 
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type population. Colleges that were known to have interested personnel to 
administer the inventories were chosen in order to assure reasonable student 
participation. Inventories were taken anonymously. 

Interest inventories of 2,000 women and 2,000 men students were used in 
this study. These inventories were equally divided between junior and senior 
college students. This assured a reasonable sampling of junior and senior 
college students and materially simplified the computations of the study. 


Analysis of Data 


The raw data was transferred to International Business Machine scoring 
cards. These cards were machine tabulated which served to minimize the 
possibility of human error. An analysis of all items was made to determine 
items of greatest interest and items of least interest. Items of interest were 
then tabulated according to sex, religion, and year in college. 


Validity and Reliability 


Validity was established by utilizing items most frequently mentioned in 
current textbooks and magazine articles in this field, as well as those in my 
“marriage and parenthood” courses over a period of years. 

Reliability was established by the following: 

1. Correlations of .83 and .87 between test and retest with two junior col- 
lege groups. 

2. Using the split-half method on 100 inventories a .93 correlation was 
obtained in the junior college group. 

3. A correlation of .87 was obtained by comparing the 2,000 junior 
college students to the 2,000 senior college students. 

4. A correlation of .75 was obtained when comparing the 25 items of 
greatest interest of 1,000 junior college women with that of 1,000 senior 
college women. 

5. A correlation of .80 was obtained when comparing the 25 items of 
greatest interest of 1,000 junior college men and those of 1,000 senior 
college men. 


Related Studies 


There have been a number of studies that relate to the use of student inter- 
ests in the content of college courses. Several studies summarized by Henry 
Bowman,” James Gladden,® and a committee report on Education for Marri- 
age and Family Relations in Southern Colleges,’ add to the necessity for more 


5A. Henry Bowman, “The Content of a Functional Marriage Course,” College and 
University, 27: 3, April 1952, pp. 355-364. 

6W. James Gladden, “Research-Oriented Teaching of the Course in the Family,” Social 
Forces, 32: 1, Oct. 1953, pp. 56-60. 

7Committee on the Teaching of Sociology of the Southern Sociological Society; “Educa- 
tion for Marriage and Family Relations in Southern Colleges,” Social Forces, 32: 1, 
Oct. 1953, pp. 61-65. 
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research in curriculum development. Laurence Bee® used a series of attitude 
scales as projective media to study basic personality characteristics of students 
for improvement of a course of study. Other studies have made contribu- 
tions; however, these results have usually been concerned with rather 
specific topics. 


Analysis of Data 


A detailed item analysis of the relative interest in the 60 problems used 
in this study may be found in Table 1. This table indicates the percentage of 
response to each item. There was considerable variance in the degree of in- 
dicated interest which ranged from a 67 per cent response to the item of great- 
est interest—Parent-Child Relationships—to an 18 per cent response to the 
topic of least interest—Chronic and Degenerative Diseases. 

The second and third items of greatest interest were Normal Sex Relations 
and Happiness with the Home and Family with 65 per cent and 64 per cent 
responses, respectively. 

The fourth and fifth items of greatest interest were Mental Adjustments in 
Marriage and Religion and Marriage, with responses of 61 per cent and 59 
per cent. These items are considered by all authorities in the field of marriage 
counseling as significant; however, the difference of interest among religous 
beliefs is insignificant. 

The sixth item of interest was Pregnancy Problems with a 58 per cent 
response. The items Living with the Opposite Sex, Wholesome Attitude 
Toward Marriage, Responsibilities of Parents, Demands of the Opposite Sex, 
and Juvenile Delinquency all clustered around 57 per cent. In another study 
by the author of 10,000 secondary students, Juvenile Delingency received 
a 60 per cent response.® This clearly indicates that juvenile delinquency is of 
considerable concern to both high school and college students. 

Other important items of interest were The Family as a Unit, A College 
Education, Birth Control Problems, and Marriage While in College. Items 
concerning similar subjects seem to cluster together in either the high or low 
interest groupings. 


COMPARATIVE INTERESTS 

There were some significant differences in the leading items of interest of 
these two college groups. 

First, the senior college students demonstrated a considerably greater 
interest in the item Parent Child Relationship than did the junior college 
students. Second, senior college students showed a lesser interest in the item 
Normal Sex Relations. Third, items such as Happiness with Home and 
Family and Mental Adjustments in Marriage showed increased interest with 


8S, Laurence Bee, “Student Attitudes Toward A Course in Courtship and Marriage,” 
Marriage and Family Living, 12: 4, Nov. 1951, pp. 157-160. 

%Joseph E. Lantagne, “Health Interests of 10,000 Secondary Schoo] Students,” Research 
Quarterly, 23: 3, Oct. 1952, pp. 330-346. 
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TABLE 1 
Interest of 4,000 College Students in Preparation for Marriage and Parenthood 





Junior Senior Total 
Item College (%) College (%) (%) 


Parent-Child Relationships —__ 65 67 
Normal Sex Relations _.-._ >>> 66 64.5 
Happiness with Home and | Family. 62 64 
Mental Adjustments in Marriage 58 61 
Religion and Marriage 58.5 
Pregnancy—Problems —..-.-_= 58 
Living with the Opposite Sex_. 57 
Responsibilities of Parents 57.5 
Juvenile Delinquency—Prevention __. 57 
Demands of the Opposite Sex 57 
Wholesome Attitude toward Marriage 57 
A College Education 55 
The Family as a Unit 54 
Birth Control—Problems 53.5 
Marriage While in College. 52.5 
Censes of Divorce 52 
Significance of Family ‘Backgrounds. 50.5 
Desirable Age for Marriage 48.5 
Planning and Budgeting > 48.5 
Problems of Mixed Marriages____ 47 
Childbirth 47 
Infant Care 47 
Social Life for Parents 47 
Dating 45 
Engagement Period 45 
Adjusting Marital Discord 45 
Parents and the School___ 45 
Physical Adjustments in Marriage 43.5 
Social Adjustments 43.5 
Premarital Counseling —-__»_>-__ 43.5 
Advantages of Early Marriage 43 
Job or Probable Career 
In-laws and Relatives__.._____ 42.5 
Health Considerations Before Marriage 42 
Protocol, Reception, Honeymoon 41 
Prenatal Care 41 
How and Where to Live 
The Prospective Family 38.5 
Personality Appraisal : 38.5 
Controlling Extent of pani 37.5 
Premarital Examination __ ae 37 
Planning the Wedding. = 35.5 
Why We All Need Affection 35.5 
Hereditary Characteristics = 35.5 
Why People Do Not Marry. 35.5 
Life, Auto, Health Insurance______ 35 
Co-Recreational Activities 34.5 
Immediate Care of the-Mother 32.5 
Health Disqualifications for Marriage @M- je. : 30.5... 
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TABLE 1 (Continued) 





Junior Senior 

Item College (%) College (%) 

Doctors and Health 31 
Anatomical and Physiological 
Differences — 27 
Fertility 30 
Employment Problems 32 
Parents, Children, and Community 25 
Venereal Diseases 35 
Basic Dating Rules 32 
Opportunities for Dating 30 
Infant Mortality, Morbidity ce 21 
Maternal Mortality, Morbidity 21 
Chronic and Degenerative Diseases 21 





























TABLE 2 


The 25 Items of Greatest Inrerest of 2,000 College Women in Preparation for Marriage 
and Parenthood 





% % Vitally % Total 
Item Interested | Interested Interest 


Jr. Sr. Sr.| Jr. Sr. 
Col. Col. ‘ .| Col. Col. 


Parent-Child Relationships ______.|_ 39 44 69 
Happiness with Home and Family} 38 45 69 
Mental Adjustments in Marriage_.| 39 44 66 
Pregnancy—Problems 40 45 60 
Religion and Marriage 39 58 
Wholesome Attitude Toward 

Marriage _ t 63 
Normal Sex Relations 60 
The Family as a Unit 63 
Responsibilities of Parents 57 
Significance of Family Background 61 
Living with the Opposite Sex 56 
Marriage While in College 55 
Demands of the Opposite Sex____ 54 
Birth Control—Problems —.___ 52 
A College Education_____»__ 50 
Causes of Divorce 49 
Juvenile Delinquency — Prevention : a | 
Childbirth _ 51 
Premarital Counseling —.———___. 51 
Social Life for Parents 48 
Adjusting Marital Discord 51 
Planning and Budgeting 42 
Parents and the School 50 
Infant Care 48 
|Problems of Mixed Marriages 45 
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senior college students. Fourth, both college groups demonstrated nearly the 
same interest in some items such as Pregnancy Problems, Responsibility of 
Parents, Birth Control Problems, Social Life of Parents, and Physical Ad- 
justments in Marriage. Fifth, the variance in interest in the item of Dating was 
great; the senior college group indicated much less interest than the junior 
college group. 

From a brief review of the facts, a few trends might be considered. The 
junior college students had a greater interest in such items as Dating, Engage- 
ment, and Age of Marriage. The senior college students indicated greater 
maturity by their increased response to such items as Parent-Child Relation- 
ships, Happiness with Home and Family, and Mental Adjustments in 
Marriage. 

Then senior college students indicated a greater number of responses to 
each item and also more intensity of interest in certain specific items. This 
indicates that maturity brings a greater awareness of the need for under- 
standing in this area of study. 


TABLE 3 
The 25 Items of Greatest Interest of 2,000 College Men in Preparation for Marriage and 
Parenthood 





Item | Interested Interested Interest _| Total 





| % % Vitally | % Total 
| | Jr. | Sr. 
| Col. | Col.| Col. | Col.| Col. | Col.| 
Normal Sex Relations .___ | 46 | 5 65 | 
‘Parent-Child Relationships —.| 38 70 | 
'Mental Adjustments in Marriage. 40 63 | 
Demands of the Opposite Sex | 45 56 | 
|Happiness with Home and Family; 35 é 64 
‘Living with the Opposite Sex_____ | j 

|A College Education 

Responsibilities of Parents. 

\Juvenile Delinquency—Prevention 

‘Religion and Marriage.» 

Pregnancy—Problems 

Birth Control—Problems | 

Wholesome Attitude Toward 

| Merriage 

Causes of Divorce_ ane 

|Marriage While in College 

The Family as a Unit__.__| 

Planning and Budgeting -_| 

Social Life For Parents... 

Probelms of Mixed Marriages zt 

Significance of Family Background 

Parents and the School___.____| 

Se 

‘Social Adjustments 

‘Engagement es | 

Adjusting Marital Discord. 
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INTERESTS AS DETERMINED BY SEX 

The 25 items of greatest interest to men will be found in Table 2, while the 
25 items of greatest interest to women will be found in Table 3. Ninety per 
cent of these items were identical with both sexes. Items of greatest interest 
to women, that were not checked as readily by the men, were of a more 
typically feminine nature and included Childbirth, Infant Care, and Signifi- 
cance of the Family Background. Accordingly, women were not as concerned 
with problems such as A College Education, and Planning and Budgeting. 
These differences follow along the more typical female and male roles as they 
are commonly accepted by our society. 

The males’ primary interests include such items as Normal Sex Relations, 
and Parent-Child Relationships. As a secondary grouping of interests, the 
college male was concerned with Demands of the Opposite Sex, Living with 
the Opposite Sex, Mental Adjustments in Marriage, and A College Education. 
The third basic area of interest was Responsibilities of Parents, Juvenile 
Delinquency Prevention, and Religion and Marriage. As a fourth general 
problem area for men, such items as Pregnancy Problems, Birth Control 


TABLE 4 
The 20 Items of Greatest Interest of 2,000 Senior College Students According to Religion 
in Preparation for Marriage and Parenthood 








| a 6 ‘ath. os Fe Jew Other _ 


. | Total 
No. | Item F Fl M_ #F | M ¥~- Mi PF | M | 2,000 


—. entage Interested) 
67 | 88 64) 65 65 | 69 











1 {Parent-Child Relationships __| 70 











| 7 

2 |Happiness with Home and | 

ORE ES 70 65|67 64/69 59/58 62| 66 
3 |Mental Adjustments in | | 

Marriage ~ | 66 62) 65 61) 88 65) 56 65 64 
4 |Normal Sex Relations. | € 64159 68) 7 $j%7162 64 63 
5 |Wholesome Attitude Toward | 

een reas 63 53/61 54/69 64; 64 57| 59 
6 |Pregnancy—Problems _..| 61 56/60 54| 63 57|58 54| 58 
7 |The Family as a Unit. 63 57| 61 52/69 51) 57 48) 58 
8 |Responsibilities of Parents... 56 61/57 56/63 64) 52 54] 58 
9 {Religion and Marriage... 56 54/69 59/52 56|42 45 57 
10 |Living with the Opposite Sex} 56 54/55 53 63 67/57 53| 56 
11 {Significance of Family | | 

Background ..____......| 60 51/66 50|82 46|50 4 56 
12 |Juvenile Delinquency— | 

Prevention 517-581 5). 55: | 69. 63: |-52". 54 55 
13 |Demands of the Opposite Sex 55: S653 57 | 6 - 64| 50: 56 55 
14 |Marriage While in College..| 56 58/50 48/75 52|50 54/ 55 
15 |Birth Control—Problems _...| 54 54 | 45 52)| 69 56/41 55 53 
16 |A College Education... 49 54/54 56/63 56/45 53 52 
17 |Parents and the School. 50 54/46 48/76 42/48 39) 50 
18 |Causes of Divorce 49° 304 31 55.) 63: 51.):42. 851. 4 
19 |Adjusting Marital Discord 51 49/51 44; 81 35; 39 39] 49 
20 |Social Life for Parents... |48 46|50 40|75 60|33 44| 47 
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Problems. Wholesome Attitudes Toward Marriage, and Causes of Divorce 
seemed to have priority. 

Women were primarily concerned with the problems of the home which 
should normally tend to strengthen marital happiness. These items include 
Parent-Child Relations, Happiness in the Home, Mental Adjustments in Marri- 
age, Pregnancy Problems, Wholesome Attitudes Toward Marriage, and Re- 
ligion and Marriage. The second cluster of interests with the women included 
The Family as a Unit, Normal Sex Relations, and Responsibilities of Parents. 
A College Education and Marriage While in College likewise were considered 
very important, and this was consistent with the male thinking. The problems 
dealing with Demands of the Opposite Sex, Birth Control, Causes of Divorce, 
and Childbirth ranked in that order. 


TABLE 5 


The 20 Items of Greatest Interest of 4,000 College Students in Preparation for Marriage 
and Parenthood According to Religious Grouping 





Prot. | Cath. Jew | Other Total 
Item Fi|/mMi|FI{M F | M|F | M | 4,000 
(Percentage Interested) 
Parent-Child Relationships _| 69 70/71 66!|78 67/|63 62 67 
Normal Sex Relations 61 67;60 70/68 78; 61 64 64.5 
Happiness with Home and 
Family 69 60/70 62 58 56 
Mental Adjustments in 
Marriage 62 57 53 62 
Religion and Marriage 68 62 48 48 
Pregnancy—Problems _ G2 57 61 51 
Living with the Opposite Sex 57 55 56 
Responsibilities of Parents 57 52 5&2 
Juvenile Delinquency— 
ne 59 49 53 
Demands of the Opposite Sex 61 48 57 
Wholesome Attitude Toward 
eS ee 50 
A College Education : 56 
The Family as a Unit 46 
52 
48 
47 














Birth Control—Problems 
Merriage While in College__. 
Causes of Divorce 
Significance of Family 
Backgrounds _-_ >= 42 
Desirable Age for Marriage 49 
Planning and Budgeting 45 
Problems of Mixed Marriages 41 























Of the ten items of least interest, the four to which there was least response _ 
were practically identical for both college women and men. Included were 
items such as Chronic and Degenerative Diseases and Opportunities for 
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Dating (See Table 6). Those problems pertaining to health and welfare 
seemed of little concern to the college student. 
COMPARATIVE INTERESTS OF MEN 

The 25 items of greatest interest to men of each groups were not identical, 
but had a correlation of .804. The item Normal Sex Relations of junior 
college men had the highest individual response (71%), while the item 


TABLE 6 
The Ten Items of Least Interest of 2,000 College Women in Preparation for Marriage and 
Parenthood 





% % Vitally % Total 
Item Interested Interested Interest 


Jr. Sr.| Jr. Sr.| Jr. Sr. 
Col. Col.} Col. Col. | Col. Col. 


Chronic and Degenerative Diseases| 14 10 
Maternal Mortality, Morbidity._.| 14 12 
Infant Mortality, Morbidity 16 13 
Venereal Di r) 19 13 
Employment Problems —.-____-.| 19 16 
Opportunities for Dating....._.__| 21 16 
Anatomical and Physiological 

Differences 19 21 
Health Disqualifications for 

Marriage 23 21 
Doctors and Health_...____ aac ae 21 
Basic Dating Rules_..._________|_ 24 21 






































TABLE 7 
The Ten Items of Least Interest of 2,000 College Men in Preparation for Marriage and 
Parenthood 





% % Vitally % Total 
Item Interested Interested Interest 


Jr. Sr.| Jr. Sr.| Jr. Sr. 
Col. Col. | Col. Col. | Col. Col. 


Chronic and Degenerative Diseases 16 3 
Infant Mortality, Morbidity_.__ 
Maternal Mortality, Morbidity 
Parents, Children, and Community 
Planning the Wedding.________ 
Opportunities for Dating ..____ 
Venereal .Diseases 

Basic Dating Rules 
Fertility 
The Prospective Family ._____ 
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Parent-Child Relationships had a 70 per cent response by senior college men. 
The next ten items of greatest interest were nearly identical for junior college 
and senior college men except that they were not in the same relative 
positions, The items of least interest were likewise identical cea for the 
difference in relative positions. 


@ 
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COMPARATIVE INTERESTS OF WOMEN 


The 25 items of greatest interest of junior and senior college women had a 
correlation of .748. The two items of greatest interest—Parent-Child Relation- 
ships and Happiness with Home and Family—had interest responses of 
approximately 68 per cent. Mental Adjustments in Marriage and Pregnancy 
Problems had approximately 62 per cent responses. These items were 
definitely clustered and seemed to indicate that women were interested and 
anxious to contribute to their feminine roles. 


RELIGION 


Although there were varying degrees of response by the different religious 
denominations represented, there were no significant trends. Of the 20 items 
of greatest interest that were analyzed (see Table 5), it was found that the 
interests of men and women of different religious belief were about equal in 
intensity. 

College students of religious beliefs other than the Catholic, Protestant, and 
Jew, had the least intensity of interest. The range of response by men and 
women students to the various items of greatest interest was Protestants, 0-11 
per cent; Catholic, 0-11 per cent; Jews, 0-16 per cent; and others, 1-17 per 
cent. The item Religion and Marriage had one of the most consistent re- 
sponses by all religious groupings. 


Conclusions 


1. There is a high level of student interest in marriage and parenthood 
problems. The 2,000 senior college students participating indicated an aver- 
age interest of 42.9 problems per student as compared to 26 items per student 
in the junior college group. 

2. Marriage problems can be measured with a reasonably high degree of 
reliability. 

3. There were varying degrees of intensity of these interests; however, 
these differences primarily reflected an appropriateness of the problem to the 
related sex. 

4. The range of interests in response to this inventory was from 16 to 69 
per cent for college women and was from 21 to 71 per cent for college men. 
There was a high relationship of interests between men and women through- 
out the study. 

5. Problems that might normally seem of little concern to college students, 
such as Parent-Child Relationship and Happiness with Home and Family, 
have demonstrated a very high interest rating. 


6. Differences of religious beliefs of college students were inconsequential 
amd did not materially affect the responses to items. 
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Recommendations 


1. In order to make instruction in the area of marriage and parenthood 
more meaningful, instructors should find it desirable to survey the interests of 
their students as a guide for instruction. 


2. The similarity and intensity of interests of men and women should 
encourage coeducational classes in the area of marriage and parenthood. 


3. Religious differences provide little evidence as a basis for segregation 
of students. 

4. Curricular deans and administrators should recognize that marriage 
education is important and should be an integral part of the general educa- 
tion of all college students. 

5. The availability of college courses in preparation for marriage and par- 
enthood should be encouraged by administrators and counselors. 

6. Courses in marriage and parenthood should be broadened in scope 
to incorporate the interests and needs of college students. 

7. Findings of this study indicated that junior and senior college courses 
should be geared to their maturity levels. 


(Submitted 11/18/55) 
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Abstract 


Twenty-eight Springfield College students were exercised, using the elbow flexor muscle 
group, three times a week for a period of four weeks on the Kelso-Hellebrandt ergometer. 
There was a significant gain in strength in both the exercised and unexercised muscle 
groups. Significant increases in muscular endurance were found only in the exercised 
muscle group. 


THE PHENOMENON OF cross transfer of strength from one muscle group 

to the opposite has received considerable attention in recent literature. 
However, as early as 1894, Scripture et al (6) demonstrated that by exer- 

cising the right hand the left hand also increased in strength. The authors 


used a mercury dynamometer which consisted of a rubber bulb attached to a 
glass tube containing mercury. The effects of training were recorded in inches 
the mercury could be raised by squeezing the bulb. After nine exercise bouts, 
the bulb pressure for the right hand increased from 28.8 to 48.6 inches of 
mercury. The left hand (unexercised) also increased from 29.6 to 42.3 inches, 
indicating a cross transfer of strength. 

More recently, Hellebrandt (5) and associates by using resistive exercises 
demonstrated similar findings. 

The actual cause for this cross transfer of strength is not completely un- 
derstood. Among a few of the theories governing cross transfer, Wissler and 
Richardson (7) suggest that there is a diffusion of motor impulses to the 
contralateral arm. 

Hellebrandt and associates make reference to another theory (3) which 
suggests that cross transfer results from the widespread synergistic fixations 
of the contralateral musculature. The tensing or fixation of the opposite mus- 
cles caused by exertion of the exercised muscle group results in increased 
strength of the “unexercised” muscles. The answer to this problem remains 
in the hypothetical stage. 


Purpose of the Study 


The purpose of this study was to determine the training effects of exercising 
the elbow flexor muscles of one arm ~ strength and endurance of similar 
muscles of the other arm. 
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Research Procedures 


ORIENTATION OF SUBJECTS AND TESTERS 

Before experimental data were collected, the examiners demonstrated their 
competence in obtaining consistent results in the use of the elbow-flexion 
cable-tension strength tests and the Kelso-Hellebrandt ergometer. 

Strength Testing. The instrument used to determine the strength of the 
elbow flexor muscles was a specially adapted aircraft tensionmeter. The testing 
method was patterned after that described by Clarke (2). 

Ergometric Testing. The instrument used to exercise and record the endur- 
ance of the elbow flexor muscles was the Kelso-Hellebrandt ergometer which 
represents a modification of one first used by Treves. The lever arm is at- 
tached to a wheel and axle which permits the angle of application of the load 
to remain constant throughout the motion of the arm. 

Endurance was measured in terms of distance the load was raised during a 
prescribed test bout and was recorded in centimeters from a counter attached 
to the ergometer. 

The load placed on the ergometric carriage was three-eighths of maximum 
strength of the flexors obtained in the first strength test. In a previous study 
it was found that this strength proportion resulted in objectivity coefficients 
of .90 (1). 

Owing to the mechanical advantage of the ergometer, the actual load car- 
ried, if computing work done, would be approximately one-half of the weights 
placed on the ergometer or three-sixteenths of the elbow flexor’s strength. 

The cadence was 30 per minute given by an electric timer. The complete 
cycle of flexion and extension was completed in two seconds, one second for 
raising the load and one second for lowering the load. Stress was placed on 
accomplishing a smooth constant movement with no rest pauses in between. 
SUBJECTS 

The subjects were 28 Springfield College male students. The median age 
was 21.6 years; the middle 50 per cent ranged from 19.8 to 22.6 years. The 
heights ranged from 65.0 to 80 inches. The median height was 71.1 inches. 
The weights to the nearest half pound ranged from 135 to 220 pounds. The 
median weight was 163.5 pounds. 


EXPERIMENTAL PROCEDURES 

Strength and endurance for the left elbow flexor muscles was measured 
three times a week for four weeks. The right elbow flexor muscles were tested 
only at the beginning and the end of the experiment. 

The subjects exercised until exhaustion. As a consequence, the duration of 
exercise was from one and one-half to two minutes each time. The weights 
were raised between 45 and 60 repetitions. The total length of time each sub- 
ject actually exercised during the four weeks was estimated at 25 minutes. 


1The theoretical mechanical advantage of this instrument is computed by comparing 
the pitch ratios of the wheel to the length of the lever arm. In this case, it was 1:2, 
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Statistical Treatment 

The analysis of data was based upon the comparison of means of the 
strength and endurance measurements. The standard error formula for the 
difference between means of correlated groups was used, inasmuch as the 
study was in the nature of a single group experiment. Significance at the .05 
and .01 levels of confidence, respectively, is denoted by t-ratios of 1.70 and 
2.47. 


Results 


Table 1 contains the data for the strength gains to the left or exercised arm. 
The strength increased from 125 to 140 pounds, a gain of 12 per cent. This 
increase was statistically significant beyond the .01 level of confidence. These 
data are graphically portrayed in Figure I. 
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Testing days: Numerals denote weeks; letters denote days of week. 


Ficure I. Mean Strength in Pounds Pull of Elbow Flexion Muscles Due to Exhaustion 
Bouts with These Muscles. Data: 1954; 28 subjects. 


Table 2 shows the results of strength gains to the right or unexercised arm. 
The strength of this muscle group increased from 127 to 135 pounds—an in- 
crease of 6.30 per cent. This difference was statistically significant beyond 
the .01 level of confidence. 

Table 3 shows the results of the endurance scores for the exercised arm. 
There was an increase from 745 cm to 818 cm, a 9.80-per-cent gain for this 
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TABLE 1 
Mean Strength in Pounds Pull Prior to Elbow Flexion Exhaustion Bouts of the Exercised 





Means Difference Between Means 
(pounds) iff. S. E. Diff. | t-ratios 
125 
124 
130 ; . 2.86* 
128 é 4 1.14 
131 ; . 2.03 
131 a F 
131 
132 
137 
135 
137 
140 























*Significant beyond the .01 level of confidence. . 
Nore: Letters indicate testing bouts, numerals indicate weeks. Hence 2A is second week, 
first testing bout. 


TABLE 2 


Mean Strength in Pounds Pull Before and After Elbow Flexion Exhaustion Bouts of the 
Unexercised Arm 





Means Difference Between Means 
Bouts (pounds) Diff. | S. E. Diff. | t-ratios 
127 











Second __. ca eee 135 8.02 1.99 | 4.03 





TABLE 3 


Mean Distances in Centimeters Ergometric Weights Were Moved During Elbow Flexion 
Exhaustion Bouts of the Exercised Arm 





Means Difference Between Means 
(em.) Diff. 8. E. Diff. t-ratios 
745 
733 —11.73 15.84 
740 7.48 19.60 
802 61.93 23.22 
20.63 17.92 
13.28 5.57 
16.20 15.40 
—19.74 26.57 
—23.47 19.60 
27.64 9.90 
— 5.28 16.16 
—12.00 16.73 




















*Significant beyond the .01 level of confidence. = 
Norge: Letters indicate testing bouts, numerals indicate weeks. Hence 2A is second week, 
first testing bout. 
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muscle group. The difference was significant beyond the .01 level of confi- 
dence. These data are graphically portrayed in Figure II. 





























ee 





oe 
. 












































18 ic czy 28 2c 3A 38 .« 4a 48 ac SA 


Testing days: Numerals denote weeks; letters denote days of week. 


Ficure II. Mean Distance in Centimeters Ergographic Loads Were Moved During Elbow 
Flexion Exhaustion Bouts. Data: 1954; 28 subjects. 


Table 4 denotes the endurance scores for the unexercised elbow flexor mus- 
cle group. The increase in endurance was from 710 cm to 725 cm, or a 2.11 
per cent gain, which was not statistically significant. 


TABLE 4 
Mean Distances in Centimeters Ergometric Weights Were Moved During Elbow Flexion 
Exhaustion Bouts of the Unexercised Arm 





Means Difference Between Means 
Bouts (em.) Diff. | 8S. E. Diff. | t-ratios 








ee es 710 
ss 725 14.85 





19.37 77 





INDIVIDUAL SCORES 


Individual scores of strength and endurance for five subjects selected at 
random were graphed to show the relative increase in strength and endur- 
ance as the exercise progressed from week to week. (See Figures III and IV.) 
The variations of the individual performances indicate that the conditioning 
effect is highly individualized. 
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Testing days: Numerals denote weeks; letters denote days of week. 


Ficure III. Pounds Pull of Elbow Flexion Muscles by Five Subjects Prior to Exhaustion 
Bouts with These Muscles. Data: 1954. 


tc aa 26 ec 3A 38 36 48 4c 5a 


Testing days: Numerals denote weeks; letters denote days of week. 


Ficure IV. Distance in Centimeters Ergograph Loads Were Moved by Five Subjects 
During Elbow Flexion. Exhaustion. Bouts. Data: 1954. 
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Conclusions 


The major types of muscular contractions in this study were both isotonic 
and isometric. During the ergometric exercise, the muscular contractions 
were isotonic. Strength tests were administered prior to each exercise bout; 
the contraction was static or isometric. 

The increases in strength for both the exercised and non-exercised arm were 
statistically significant. The endurance gains for the exercised arm were also 
statistically significant. No significant increase in endurance resulted to the 
unexercised arm. 
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A Factor Analysis of Tests 
of Endurance: 


C. H. McCLOY 
State University of lowa 
lowa City, lowa 


Abstract 


A factor analysis was computed on 12 athletic events, administered to 400 well- 
conditioned soldiers. Of these events, four could be considered to be tests of circulo- 
respiratory endurance, four were tests of muscular endurance, and the others were tests 
of speed. In addition four combinations of tests were included. 


Four factors were found, one of circulo-respiratory endurance, one of velocity, one of 
muscular endurance, and one tentatively identified as mesomorphic body build. One im- 
portant finding was the high factor weighting of the endurance index (300 yards run 
+ 6 seconds run) with circulo-respiratory endurance (.8835). 


THE STATISTICAL-RESEARCH method termed “factorial analysis” is being 
increasingly used to determine the basic factors or components making up 
different tests of physical or mental or emotional abilities. The purpose of 
the factorial analysis is to analyze the pure factors or components of which a 
given test is composed. For example, in the running high jump there are 
always at least three factors, one being the amount of force which the indi- 
vidual can exert in the jump, one being the potential contraction speed of his 
muscles, and the other being what the writer has termed “dead weight” or 
that part of his weight not contributing to the athlet:. effort. For example, 
this would be composed of fat of skin, viscera, and other things like that. 
This third factor will usually be loaded negatively, that is, it detracts from 
the performance. 

In factorial analysis for physical education and athletics events, the method 
commonly called that of “orthogonal” factors is usually used. That is, the 
effort is made to determine those “pure” factors which are unrelated each to 
the other. When any two of these factors are plotted, their basic axes are at 
right angles to each other. 

This is not the place to go into methods of doing a factorial analysis and 
two references will be given from which details may be secured.” 

Incidentally, it has been the experience of the author in doing factor analy- 
ses of motor activities that unless some tests of strength, uncomplicated by 


1For a discussion of the different types of endurance, see C. H. McCloy, “Endurance,” 
The Physical Educator, March 1948. 

2L. L .Thurstone, Multiple-Factor Analysis. Chicago: The University of Chicago Press, 
1947. Research Methods Applied to Health, Physical Education, and Recreation. Wash- 
ington, D. C.: American Association for Health, Physical Education, and Recreation, 1949. 
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other elements, are included in the test battery, it is extremely difficult to rotate 
the so-called centroid factorial matrix intelligently. Hence individuals gather- 
ing data to be used for a factorial analysis should, in the opinion of the 
author, include at least three or four tests of pure strength, such as leg 
strength, back strength, strength of chest muscles, and strength of grip of 
right and left hands. 


Procedure 

In the present study, 12 athletic events were chosen for a factorial analysis, 
and then four composite events, made up by combining a number of tests, 
were added. The subjects were 400 well-conditioned soldiers who had been in 
rather strenuous training for about six months. As will be seen from the ac- 
companying table, the 12 events were: (1) the 12-pound shot put, put from 
a stand; (2) three standing broad jumps, done in succession; (3) a 20-yard 
shuttle run in which the man ran back and forth for 20 seconds; (4) a 
6-second run; (5) the 300-yard run; (6) an endurance index, or endurance 
score, computed from the 300-yard run and the 6-second run which was con- 
verted into units of time;* (7) a 75-yard run in which the runner carried a 
man within five pounds of his own weight astride his back (“pick-a-back 
run”); (8) an endurance index in which the time for this man-on-the-back 
run was equated against the time for the 6-second sprint as was the case with 
the 300-yard run; (9) a 20-second squat thrust (the individual, upon the com- 
mand “Go,” quickly places his hands on the ground in front of his feet, 
thrusts the legs backward to full length, and returns in reverse order, the 
whole being a four-count movement) ; (10) chinning the bar or pulling up 
until the chin is above the bar; (11) push-ups on the ground; and (12) sit- 
ups, done with the hands behind the head, doing as many sit-ups as possible 
in two minutes. 

The four composite events were as follows: (a) a muscular endurance com- 
bination of chinning or pull-ups, push-ups, sit-ups, and squat jumps; (b) a 
circulorespiratory endurance combination of the 300-yard run, a 440-yard 
run, a mile run, a 60-second squat thrust, and the run with the man astride 
the back; (c) a speed event combination which was made up of points for the 
6-second run, a softball throw for distance, standing broad jump, three stand- 
ing broad jumps, and the shot put; (d) total points for all events tested—a 
total of 20 different events. 


Results 

When factored, the factorial analysis table shows the results. In this table 
the “factor loadings” correspond to coefficients of correlation with the factor 
indicated. The last column, h, the Communality, represents the coefficient 
of multiple correlation of the variable with the four factors. 


3Charles Harold McCloy and Norma Dorothy Young, Tests and Measurements in Health 
and Physical Education, 3rd ed. New York: Appleton-Century-Crofts, Inc., 1954, pp. 
183-89. 
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TABLE 1 
Rotated Factor Loadings 





| Velocity, or muscular 
contraction speed 


endurance 





| Circulorespiratory 
= Muscular endurance 
(Mesomorphic 


=| Communality 


Event 

Shot gut. 5 eer, 3: 2501 138 6089 
Three broad jumps Seen oe ae : : 3526 : -7525 
Pere TU a ERT : 0423 - .7327 
. Six-second sprint |S 0941 J 5045 ’ 8226 
a Se es .7948 J 1243 . 9231 
300/6 sec. run_ Pmer 8835 i 1953 p 9130 
. 75-yd. Pick-A- Back r run 
(with man on back)... | 6139 ; 3304 i .9634 

. Pick/6 sec. (run with man on 
back, equated with 6 sec. run). 6542 1335 1660 6302 .9330 

. 20-second squat thrusts 4893 1318 4531 0327 6807 
. Chinning or pull-ups_ ies 3977 .0861 .4269 | —.0349 5908 
, Pees. | SS «|| 0866 5746 0184 7982 
SE ee .4674 | —.0279 5821 | —.0442 -7484 
Muscular endurance events 
composite - 5835 1671 .7178 .0103 9401 
Circulorespiratory endurance 
events composite 8964 .2695 1152 .2790 .9835 

. Speed events composite. .2482 8693 3441 | —.0894 .9956 
Total points—all tests... |= .7221 5119 4427 | —.0136 .9897 





3 
R 


NAV Pee 




















The first factor seems to be circulorespiratory endurance. Here it will be 
seen that variables 6 and 8 give a higher correlation with this factor than do 
variables 5 and 7, where speed has not been held constant. 

The second factor seems to be speed, as this factor is heavily weighted in 
the first five events and not in the following ones. It is also heavily weighted 
in the speed events composite. 

The third factor seems to be muscular endurance. The heavy weightings are 
in the 6-second sprint, the squat thrust, chinning or pull-ups, push-ups, and 
sit-ups. 

The fourth factor is not identified. It is present only in the two runs in 
which a man is astride the back of the runner, and in view of the fact that 
the individuals who seemed to do best in this event were the stocky, meso- 
morphic type of individuals, we have tentatively thought of this as a possible 
indication of that type of build. Further studies will have to be done, how- 
ever, before such an identification can be made with confidence. 

The heavy loadings of the first three factors in the composite scores at the 
bottom of the page seem, in general, to confirm our identifications. It will be 
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noted that the weighting of variable 6 (.8835) is almost as high as that for 
the whole endurance combination—variable B (.8964). 


Need for Research 


The most significant finding of this study is the very high weighting that is 
given to this endurance score of the 300-yard run divided by the 6-second run. 
It is felt by the author that this type of measurement of circulorespiratory 
endurance has very high potentialities. The author feels that a considerable 
amount of research along these lines should be conducted in order to provide 
tests of pure circulorespiratory and pure muscular endurance as distinguished 
from mixtures of these various types. 


(Submitted 9/26/55) 





Comparative Effects of Rest, 
Exercise, and Cold Spray Upon 
Performance in Spot- Running 


FRANK D. SILLS AND VERNON E. O’RILEY 
State University of lowa 
lowa City 


Abstract 


The purpose of the study was to compare the effects of rest; exercise, and cold appli- 
cations upon physical performance. Eighteen college men students served as subjects. 
They performed five bouts of spot-running, with ten-second intervals between the bouts. 
After they rested, exercised, or received cold applications for ten minutes, they performed 
another series of five bouts of spot-running. The best performance followed the applica- 
tion of the cold spray to the lower half of the abdomen. 


STEINHAUS, KELSO, and Reinhardt (3) have reported that, for two and 
one-half to six hours, cold hip baths improve visual functions, tapping rate, 
and eye-to-leg muscle co-ordination. Happ, Tuttle, and Wilson (1) have 
reported that cold packs applied to the abdomen facilitate recovery from 
fatigue. Wallrich and Dawson (4) have reported that short rest periods in 
connection with heavy exercise increase physical efficiency and, in connection 
with light exerise, decrease physical efficiency. 

The purpose of the present investigation was to compare the effects of a 
rest period, exercise, and a cold spray upon performance in spot-running. 


Subjects and Data 


Eighteen men, who were students at the State University of Iowa, and who 
ranged in age from 19 to 28 years, served as subjects. 

After warming up by walking and jogging around an indoor track for five 
minutes, the subject performed five ten-second bouts of spot-running (here- 
after referred to as initial bouts), with a ten-second interval between each 
bout. The number of steps taken by the right foot was registered by means 
of the Sills electric contactor (2). After the initial five bouts, the subject, on 
one day rested, on another day exercised, and on still another day had a cold 
spray applied to his abdomen. After each of these treatments the subject per- 
formed five more ten-second bouts of spot-running, with a ten-second interval 
between each bout. 

During the rest period the subject lay in a supine position for eight min- 
utes. For the exercise the subject walked and jogged for ten minutes. For 
the cold application the subject had his abdomen sprayed for eight minutes 
with water, the temperature of which ranged from 44° F to 48° F. 
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The 18 subjects were divided into three groups of six subjects each. On 
Monday, Wednesday, and Friday of two successive weeks, the members of the 
three groups performed according to the order that follows: 


Day Group One Group Two Group Three 
Rest Cold spray Exercise 
Exercise Rest Cold spray 
Cold spray Exercise Rest 
Exercise Rest Cold spray 
Cold spray Exercise Rest 
Rest Cold spray Exercise 


Analysis of Data 


The mean of the number of steps taken by the 18 subjects prior to each of 
the three treatments was recorded. The difference between each mean and 
the other two means, as shown in Table 1, was not significant. 


TABLE 1 
Analysis of Means for Initial Bouts of Spot-Running 





Time Steps (no.) Difference | t 


Before rest 471.944 

Before exercise 471.611 ; 055 
Before cold applications____ _| 472.055 j 089 
Before rest | 471.944 ; 020 














In Table 2 appear the means of the number of steps taken by the 18 sub- 
jects before and after each of the three treatments, the difference between 
the means of the number of steps taken before and after each of the treat- 
ments, and the statistical significance of the difference between each differ- 
ence and the other two differences. 


TABLE 2 


Analysis of Means for Initial and Final Bouts of Spot-Running as Related to Rest, 
Exercise, and Cold Applications 





Level of 
Difference Statistical 
Between Significance 
Time Steps (no.) | Difference | Differences P 
Before rest —..._..______| 471.944 
After rest 484.944 13.000 (B) 
Before exercise | 471.611 
After exercise _| 481.055 | 9-444 (C) 
Before cold applications._.| 472.055 
After cold applications___| 493.555 21.500 (A) 8.500 
Before rest ____ | 471.944 , 
After rest 484.944 | 13.000 (B) 








3.556 


12.056 
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The difference (A) between the means of the number of steps performed 
before and after cold applications was greater than the difference (B) be- 
tween the means of the number of steps performed before and after rest, 
which difference, in turn, was greater than the difference (C) between the 
means of the number of steps performed before and after exercise. The dif- 
ference (P = .05) between the first (A) and the third difference (C) was 
greater than the difference (P = .10) between the first (A) and the second 
difference (B), which difference in turn, was greater than the difference 
(P = .60), between the second (B) and the third difference (C). 


Summary of Findings 


In summary, on the basis of the findings in this study, physical perform- 
ance as measured by spot-running is improved more by cold applications 
than by either rest or exercise, and more by rest than by exercise. If the 
difference between the number of steps performed in the initial and final 
bouts is considered to be a measure of the recovery from fatigue, then fur- 
ther, on the basis of the findings in this study, cold applications are more 
effective than either rest or exercise for the recovery from fatigue. 


REFERENCES 

. Happ, Wittiam P., W. W. Turrie, and M. Witson, The Physiological Effects of Cold 
Abdominal Packs. Research Quarterly, 20: 153-64, 1949. 

. McCroy, Cuartes H., and Norma D. Younc, Tests and Measurements in Health and 
Physical Education. New York: Appleton-Century-Crofts, Inc., 3rd ed., 1954. 

. STEINHAUS, ARTHUR H, ALBERT KeELso, and Victor REINHARDT, The Improvement of 
Visual and Other Functions by Cold Hip Baths. Research Quarterly, 14: 610-17, 
1943. 

. Wattricn, L. A., and P. M. Dawson, The Effect of Short Spells of Rest on Physical 
Efficiency as Measured by a Bicycle Ergometer. Amer. Jour. of Physiology, 55: 478, 
1921. 


(Submitted 7/15/55) 





Relation of Certain Physical Traits 
and Abilities to Motor Learning 
in Elementary School Children’ 


JEAN A. SMITH 
Southwest Texas State Teachers College 
San Marcos, Texas 


Abstract 


The investigator studied the physical traits and abilities of elementary school children 
in relation to their ability to learn a ball bounce and a ball toss motor skill. Statistical 
significances between the fast and slow learners were determined by computation of the 
t ratios. Regression equations were computed in score form. Many of the physical and 
motor ability measures differentiated significantly the fast and slow learners. Analysis of 
the multiple correlations indicate there are some physical traits and abilities which 
contribute toward motor learning but there are evidently more. 


LEARNING MOTOR SKILLS and tuition in motor skills are primary con- 
cerns of physical educators. Maturation, individual ability, practice, and 
tuition (or instruction) affect the acquisition and learning of motor skills. 
Tests of physical traits, motor ability and motor educability have been de- 
veloped in physical education, but a problem arose as to whether these tests 
differentiated fast motor learners from slow ones in the first three elementary 
grades. 

The purpose of this study was ‘to determine the relation between certain 
physical traits* and abilities* and the speed of learning certain motor skills. 
Essentially, the study attempts to answer the following questions: (a) Do any 
of the physical and motor traits and abilities differentiate between fast and 
slow learners? (b) Do the so-called tests of motor educability relate to the 
ease with which a new motor skill is learned? (c) Is there any combination 
of physical and motor traits and abilities which will predict ease of learning 
motor skills? 

Major strides have been made concerning the conditions under which 
learning may take place, the inter-relationships among certain physical traits, 
motor ability, motor capacity, and the relation of physical traits and abilities 
to performance of motor skills. Considerable attention has been focused on 
problems of techniques, methods of teaching, the study of muscular move- 


1This study was made under the direction of Dr. Marjorie Phillips, School of Health, 
Physical Education, and Recreation, Indiana University, Bloomington, Indiana. 

2Physical traits are such individual characteristics as body build and sex. In the 
present study the primary “trait” difference was sex. 

3Ability is the degree of strength, power, coordination, etc., as shown by motor skill 
tests. 
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ments; but little has been accomplished in studying the relation of physical 
traits and abilities to the rate of motor learning. Obviously, some individuals 
may be capable of learning certain motor skills more easily than others, some 
individuals may learn all sport activities with comparative ease, and variance 
in the speed of learning fine and gross motor skills exists. Most studies on 
motor learning have been confined to children under five years of age and 
to pre-adolescent, adolescent, and college age students. Studies have been 
made on children in the first three primary grades. 


Procedure 


The original group consisted of 156 boys and girls attending the elementary 
schools in Bloomington, Indiana, during the spring and fall school semesters 
of 1952. The criteria for selection of subjects were the teacher’s estimate of 
co-operation and child’s interest. Children who failed to meet the twice 
weekly practice sessions, or to co-operate, were dropped. The final experi- 
ment group used in this study numbered 100. 

The subjects ranged in age from six to nine years. None of the subjects 
had apparent physical defects. All the subjects were (as it happened) right- 
handed. The final experimental population consisted of 35 children in the 
first grade, 31 children in the second grade, and 34 children in the third 
grade. There were 51 boys and 49 girls. 

The study was conducted in an environment similar to a classroom, except 
that the number of students per “class” was six, three boys and three girls. 
Each motor skill was practiced for six weeks with two 20-minute periods 
weekly. No individual guidance was given; all clues, comments, and direc- 
tions were given to the whole class before the practice session. 

The first learning skill, a ball toss for accuracy, involved tossing balls 
at a metal basket ten feet away. Each child in the class had ten balls and 
a small pail to hold them. Target pails were four feet apart, 13 inches top 
diameter and 141% inches high. Five trials of ten throws each were given 
in the practice periods. The test consisted of tossing 100 balls at the basket; 
the score was the number falling in. 

The second learning skill, a ball bounce, involved giving impetus to the 
ball twice and swinging the preferred leg over, repeating as many times as 
possible without breaking the rhythm or stepping out of his circle. Each 
child in the class had one semi-solid rubber ball, nine and a half inches in 
circumference, and practiced in a circle, four feet in diameter, which was 
three feet from adjacent circles. The skill was performed for ten minutes 
each practice period. The test consisted of repeating the described skill 
as many times as possible without breaking the pattern of three trials (one 
point for each cycle) and the highest score of three trials was considered the 
test score. 

During the first week of the experimental period, an effort was made to 
establish rapport with the children. The initial ball toss test was administered 
at the second meeting of the group. The learning period for the ball toss skill 
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began the third time the group met. The final ball toss test was administered 
during the period following the 12th practice session. The initial test was 
given the same period. Practice on the ball bounce skill commenced at the 
16th meeting of the group; the final test was administerd on the 28th meeting. 
The other tests were administered during the 14-week experimental period. 

Available tests for measuring physical traits and abilities of children in 
the primary grades were assembled and classified according to use and abili- 
ties measured. These tests were analyzed and evaluated subjectively in terms 
of validity, reliability, and administrative feasibility. 


TEST TRAIT MEASURED REFERENCE 


Brace Motor Ability (all items) Motor Ability 3 
Iowa-Brace (all items) Motor Educability 9 
Carpenter Motor Educability (all items) Motor Educability 4 
Springfield Balance Beam Dynamic Balance ll 
Balance Stick Static Balance 10 
Cureton Flexibility Test Speed 

trunk flexion Flexibility 135 

trunk extension 

shoulder flexion 

ankle flexion 
Grip Strength Strength 
Steven’s Kinesthesis Tests# Kinesthesis 13 


Statistical Treatment 


The analysis of learning data was based upon the raw scores made on the 
ball bounce and the ball toss tests, and a combined motor learning score 
averaging T-scores of the ball bounce and ball toss tests. The two learning- 
ability groups were divided at the mean on each test; those above were con- 
sidered fast learners and those below slow. Groups were also compared 
according to sex. 


Results 


Limited space necessitates condensation of the discussion to significant 
findings. The reader is referred to the dissertation for a more complete in- 
terpretation (12). 

Prior to analyzing the data according to the various groupings, Garret’s 
formula (6, p. 209) for the single group method was used to verify that 
learning occurred during the experimental period. The correlation between 
the initial and final ball toss test was .61: the standard error of the difference 
of 9.13 is significant at better than the .0l-per-cent level of confidence. The 
correlation between the initial and final ball bounce test was .57: the standard 
error of the difference of 8.91 is significant at better than the .01-per-cent 
level of confidence. 


4The kinesthesis measures of arm and leg positions recorded in degrees of error. 
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Table 1 gives the means and standard deviations for the motor learning 
skills when the data were analyzed by the various groupings. It should be 
noted the distribution of the final ball bounce test is skewed. 


TABLE 1 
The Mean and Standard Deviation for the Motor Learning Skills 


Ball Bounce Ball Toss Combined Score 


Group M_| 8D. M | SD. M | 8D. 

















Entire group 
Pnitial test 1.01 1.27 By fs | 
CO i 11.43 12.39 20.91 9.92 49.92 8.87 
Fast learners = 26.63 13.24 29.17 7.00 57.71 7.89 
Slow learners 5.81 2.73 13.29 4.78 44.04 3.30 








Boys 
All boys .. centers eee 13.78 10.32 24.98 9.06 52.91 9.02 
Fast learners 30.87 15.49 32.49 6.50 62.32 7.64 
Slow learners _.. 6.67 2.97 17.48 3.65 47.33 3.35 


Girls 
i es 8.98 9.76 16.67 8.94 46.81 7.55 
Fast learners _....____. 18.25 12.52 24.00 6.61 53.05 6.91 
Slow learners 4.48 1.86 9.64 3.71 41.72 2.64 








Boys vs. Girls 
ae 13.78 10.52 24.98 9.06 52.91 9.03 
RN cerca cocee ee ee 8.98 9.76 16.67 8.94 46.81 7.53 














An analysis of the data when grouped according to each motor learning 
skill and the combined learning score (Table 2) indicate all the test batteries 
designed to measure motor ability and educability differentiate significantly 
between the fast and slow learners. Of the tests designed to measure physical 
skill, Grip Strength shows the highest ¢ values between the two learning 
groups. In the measures of kinesthesis (not shown on the table) the Arm 
Forward 110° right was the only test which differentiated significantly the 
fast and slow learners in all three groupings. The Side Arm 90° right and 
Side Arm 110° left differentiated between the fast and slow learners on the 
ball toss but not the ball bounce skill. The measures of leg kinesthesis differ- 
entiated between the fast and slow learners on the ball bounce skill but not the 
hall toss. 

Examination of Tables 3 and 4 indicates there are physical and motor mea- 
sures that differentiate significantly between the fast and slow learners (as 
measured in this study) of both sexes. All the test batteries designed to 
measure motor ability and educability differentiate between fast and slow 
learners of both sexes; the Carpenter shows the greatest difference between 
learning groups in both boys and girls. The tests of physical skill indicate 
Grip Strength was the test which best differentiates the two learning groups 
in the girls: the Balance Beam was the best for the boys. The better test for 
balance in both sexes seems to be the Balance Beam. 
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Motor Learning in Elementary School Children 


Regression Equation 

The regression equation was computed for the whole group. The equations 
ere not so much for practical use as to show the relationship of the test bat- 
tery to motor learning and the per cent contribution of the combined action 
of the independent variables in predicting the criterion. 

A four-item test battery, consisting of the Carpenter, Grip Strength right, 
40-ft. Dash, and Arm Forward 110° right, correlated .650 + 6.75 with the 
combined motor learning score. The proportion of explained variance (R*) 
indicated 42.2 per cent of whatever makes the boys and girls in the three 
grades differ in motor learning can be attributed to what is measured by the 
Carpenter, Grip Strength right, 40-ft. Dash and Arm Forward 110° right. 
The total contribution can be broken down further into independent contri- 
butions of each item in the battery: 18.8 per cent is the contribution of the 
Carpenter, 15.9 per cent is the contribution of Grip Strengh right, 6.5 is the 
contribution of the 40-ft. Dash and one per cent is the contribution of Arm 
Forward 110° right. The remaining 57.8 per cent of the variance can be 
attributed to factors not measured. 

Inasmuch as a battery of fewer items would be desirable, the multiple 
correlations for a three-item battery and a two-item battery were calculated. 
The Arm Forward 110° right was deleted for the three-item battery, which 
correlated .648 + 6.76 with the combined motor learning score. The pro- 
portion of explained variance (R*) indicated 42.1 per cent of whatever makes 
children differ in motor learning can be contributed to what is measured in 
these tests. 

The 40-ft. Dash was deleted to form the two-item battery, which correlated 
.611 + 7.02 with the combined motor learning score. R? indicated that the 
per cent contribution of this combined action of the independent variables 
in predicting the criterion was 37.4. The independent contributions of the 
Carpenter was 21.4 per cent and of the Grip Strength right was 16 per cent. 
Thus, by the addition of the Grip Strength test to the Carpenter test, a 16 per 
cent improvement in predicting motor learning is gained. 

The regression equations for the various test batteries were computed in 
score form. The results are as follows: 

1. Four-item battery. 

X, = .410 (Carpenter) + .366 (Grip Strength right) + 5.042 (40-ft. 
Dash) + .072 (Arm Forward 110° right) + 17.898 
. Three-item battery. 
X, = .419 (Carpenter) + .374 (Grip Strength right) + 5.182 (40-ft. 
Dash) + 17.464 
. Two-item battery. 
X, = .468 (Carpenter) + .368 (crip Strength right) + 34.060 


Conclusions 
1. Many of the physical and motor ability measures differentiated sig- 
nificantly the fast and slow learners (as measured in this study). 
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2. A significant gain in learning occurred between the initial and final 
administration of the motor learning skill tests. 

3. The boys were superior to the girls in learning the motor skills. 

4. Of the tests designed to measure motor ability and educability, the 
Carpenter correlated highest with the motor learning criterion (r. 513). The 
addition of Grip Strength right to the Carpenter tests improves the prediction 
of motor learning 16 per cent. 

5. An analysis of the multiple correlations indicates there are some physi- 
cal traits and abilities which contribute toward motor learning (as measured 
in this study), but there are evidently many more. There is need for more 
research to determine the nature of the traits related to motor learning which 
were not included in this study. 
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Relationship of Occupancy and 
Adequacy of Student Housing 
to Incidence of Acute 

Upper Respiratory Conditions 


WESLEY M. STATON 
Wayne University? 
Detroit, Michigan 


Abstract 


Three hundred twelve college students were observed for 60 days to determine the 
incidence of acute upper respiratory conditions. Students were grouped on the basis of 
(a) the number of persons sharing the sleeping room and (b) the size of the room. 
Diagnosis and case reporting were carried out by university staff physicians. Critical 
ratios were obtained to determine the significance of the differences in the incidence of 
otolaryngologic conditions between groups. Analysis of the data indicated that inade- 
quacy of floor space is a more influential factor in upper sepheatony illness than is the 
number of persons sharing a room. 


THE CAUSATIVE relationship between poor housing and the incidence of 
communicable diseases has long been recognized (1, 3, 4, 14, 15, 20, 21). 
Prominent among the infections exhibiting a significantly higher prevalence 
in the locales of hygienically undesirable housing are those which affect the 
upper respiratory tract (4, 5,9). Necessarily then, the provision of healthful 
housing for college students is a pre-eminent consideration for administra- 
tors and health personnel in institutions of higher education (17, 19). 

While the close relationship between crowded conditions of housing and the 
incidence of otolaryngologic pathologies is a point of rather general agree- 
ment, there are few data affording objective evidence of the precise influences 
germane to this association. Beyond the paucity of analytical studies of per- 
tinent causal relationships, there are evidences of inconsistency with regard 
to certain specific aspects of the broad relationship. 

An investigation conducted by Barrow (2) at Stanford University revealed 
that the incidence of the common cold among college students was not sig- 
nificantly altered by the sleeping room conditions of the subjects. A more 
recent study of students at the Phillips Exeter Academy tended to strengthen 
the rationale of the constitutional hypothesis by disclosing rather significant 
individual patterns of susceptibility to acute coryza among subjects exposed 
to the same environment (18). However, Robertson and his co-workers (16) 


1At the time of this study, the author was a faculty member of the University of 
Florida, Gainesville. 
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furthered the environmental postulate when they reported a direct relation- 
ship between the bacterial content of the air and the number of troops quar- 
tered in Army barracks. The fact that overcrowding of barracks resulted in 
significant increase in the incidence of acute diseases of the upper respiratory 
tract strongly suggests the importance of sleeping room conditions as an etio- 
logic factor. In a recent review and analysis of research on the epidemiology 
of upper respiratory tract infections, Hodges (11) concluded that the amount 
and intimacy of close physical contact between individuals appear to be of 
significance in transmission of disease. 

Although the studies of Barrow (2) and Sargent, et al., (18) dealt with the 
common cold as a pathologic entity, it may be assumed that the conclusions 
advanced have application in the causal analysis of associated acute infections 
of the upper respiratory tract. The close inter-relationship holding between 
acute coryza and other acute pathologies of the otolaryngologic zone is gen- 
erally recognized (7, 9). 

Accordingly, in view of the somewhat contradictory evidence presented, 
and in consideration of the need for further study of the hygienic aspects of 
college housing (13) it was decided that experimental investigation of a 
phase of the total problem might shed more light on the question. 


Purpose of the Study 


The central purpose of this investigation was to determine the influence of 


sleeping room conditions on the incidence of acute infections of the upper 
respiratory tract among male college students. 


Procedure 

In order to determine the inter-relationship between sleeping room condi- 
tions and the incidence of otolaryngologic infection, two specific factors were 
chosen for experimental consideration. These factors were (a) the size of the 
sleeping room, in terms of square feet of floor space per person, and (b) the 
number of persons regularly using the sleeping room. These two components 
of student housing were considered to be among the more significant environ- 
mental elements pertinent to acute infection of the upper respiratory tract. 
Also, these factors could be readily appraised and adequately defined in the 
collection of data. 

Subjects for the study included 312 male university students ranging in age 
from 17 to 29 years, with a median age of 19. Each subject completed a 
medical history form reporting all data relating to the pre-existence of 
chronic otolaryngologic conditions, presence of tonsils and adenoids, extent 
of smoking, immunizational status, and other pertinent health information. 
None of the subjects had received influenza inoculations. Subjects whose 
health histories showed the existence of a chronic disease of the upper res- 
piratory tract were eliminated from participation in the study. Tonsillec- 
tomized and adenoidectomized individuals were included, since it could be 
assumed that they were randomly distributed among the several classes of 
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sleeping room situations. Moreover, the relationship between tonsil and 
adenoid removal and the incidence of otolaryngologic infection is not yet 
established (12). 

The 312 subjects were classified into five separate groups on the basis of 
the number of persons regularly using the sleeping room. Since the subjects 
were selected on a voluntary basis, it was not possible to secure equal num- 
bers in the several types of sleeping room situations considered. The five 
groups indicated room occupancy as follows: group I, one occupant; group 
II, two occupants; group III, three occupants; group IV, four occupants; and 
group V, five or more occupants. Of the 312 subjects, 42 were classed in 
group I; 159 in group II; 46 in group III; 40 in group IV; and 25 in 
group V. 

In order to determine the influence of crowding on the incidence of acute 
upper respiratory tract infection, a second classification was made in terms 
of the number of square feet of floor space per occupant. On the basis of the 
criterion established by the Committee on the Hygiene of Housing of the 
American Public Health Association (1), the size of the sleeping room was 
categorized as being adequate or inadequate. Subjects whose sleeping quar- 
ters afforded 50 square feet, or more, of floor space per person were consid- 
ered to be enjoying adequate sleeping room conditions. Those whose sleeping 
environment did not meet this standard were considered to be living in inade- 
quate housing insofar as sleeping room size was concerned. Of the total 
sample, 232 were classed as being in adequate quarters and 80 as being in 
inadequate sleeping environs. 

Each subject received mimeographed data instructing him to report imme- 
diately to the university infirmary if, at any time during the 60-day experi- 
mental period, he experienced one or more of the described signs and/or 
symptoms of acute upper respiratory infection. These instructions were pre- 
pared in collaboration with staff physicians of the University of Florida’s 
Department of Student Health. Subjects reporting to the infirmary during 
the investigational period, including the months of April and May, were ex- 
amined by staff physicians who prepared a comprehensive diagnostic report for 
each case. The data reported were based upon clinical diagnoses since labora- 
tory analyses were not conducted. It was recognized that certain of the upper 
respiratory infections, such as the common cold and influenza, do not always 
present well-defined clinical entities (6, 7, 9, 15). However, within the broad 
scope of acute otolaryngologic conditions, the diagnoses for this study could 
be assumed to have validity. 


Results 


Following the diagnostic and case-reporting phase of the study, the accumu- 
lated reports were classified and tabulated according to the incidence of in- 
fection among the various groups previously described. The distribution of 
cases and the percent incidence with respect to room occupancy, or multi- 
plicity of contact, are shown in Table 1. 
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TABLE 1 


Comparative Incidence of Acute Upper Respiratory Infection in Relation to Sleeping 
Room Occupancy 





Room Total | Number Percentage 
occupancy number of cases of cases 


| 
| 1 42 4.8 
| 
| 





2 159 1.3 
3 46 13.0 
4 40 17.5 
5+ 25 4.0 





Vv 











On the basis of these data, the reliabilities of the differences between per- 
centages were determined by calculating critical ratios according to appro- 
priate formulae (8). Inter-group comparisons in terms of t values disclosed 
significant differences in percent incidence of infection existing between 
groups II and III at the .05 level of confidence, and between groups II and 
IV at the .01 level of confidence. It is noteworthy that subjects in groups III 
and IV were more often found to be sleeping in rooms having inadequate 
space than were subjects in other groups. Statistically insignificant differences 
between groups I, II, and V, and the significant differences between II and III 
and II and IV, tend to indicate that adequacy is a more influential factor 
than is occupancy. However, since the use of standard error of percentages 
may be of questionable validity when small samples are combined with an ex- 
treme percentage, it is probably advisable to regard the two instances of 
significant intergroup differences with caution. 

Classification of the data with respect to the influence of per capita sleep- 
ing room space on the incidence of infection probably affords more meaning- 
ful comparison. Morbidity rates for groups A (adequate) and B (inadequate) 
are presented in Table 2. 


TABLE 2 


Comparative Incidence of Acute Upper Respiratory Infection in Relation to Per Capita 
Sleeping Room Space 





Per capita Total | Number |Percentage| 
Group | space number | of cases of cases o% | oD% | t 
A | > 50 sq. ft. | 232 8 | 3.5 1.2 | | 
B < 50 sq. ft. 80 10 12.5 3.7 3.9 | 2.31 











The evidence in Table 2 indicated a significant difference existing between 
the incidence of acute otolaryngologic infection among subjects in adequate 
quarters and among those in inadequate quarters. That is, the rate of infec- 
tion was significantly higher among students whose sleeping rooms provide 
less than 50 square feet of floor space per person. 
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Conclusions 


On the basis of the obtained data, and within the limitations of the tech- 
niques used, the following conclusions would seem justifiable for similar 
population samples: 

1. The amount of floor space per person in a sleeping room appears to 
have a significant relationship to the incidence of acute otolaryngologic in- 
fection. The difference observed between groups A and B is significant at the 
.05 level of confidence. 

2. The lack of a common pattern of significant differences obtaining be- 
tween any groups when classified in terms of the number of room occupants 
would seem to indicate that this factor, as such, is not a prominent etiologic 
element. 

3. There is a tendency toward overcrowding when three or four students 
share a sleeping room. This would appear to reflect the practice of three or 
four persons using a room designed primarily for two people. When students 
sleep five or more in a room, this room is generally of the sleeping porch type 
and designed for relatively larger numbers of occupants. 
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Comparison of Two Methods of 
Teaching Beginning Basketball 


PEGGY P. WHILDEN 
University of Maryland 
College Park, Maryland 


Abstract 


In this study, two methods of teaching beginning basketball were compared—one pupil- 
dominated and the other teacher-dominated. Two physical education classes totaling 75 
seventh-grade girls were used as subjects. Comparison of the two groups was on the basis 
of group dynamics as measured by sociometric tests, the quality of performance in com- 
petition, and finally the scoreboard status of the two groups when competing against each 
other. It was found that the pupil-dominated technique had certain advantaegs in terms 
of bringing least-liked individuals into the group and in terms of improving some aspects 
of team performance. 


A STUDY WAS conducted to compare two methods of teaching beginning 
basketball to junior high school girls.2 One method involved a maximum of 
pupil participation in planning, decision making, and controlling of play; the 
teacher playing the part of consultant and adviser after an initial period of 
basic skills and rules instruction. In the second method, the teacher assumed 
full responsibility for planning and criticizing stratagem, group discipline, 
and officiating. 

Comparison of the two groups was on the basis of group dynamics as mea- 
sured by sociometric tests, and quality of performance in competition as rated 
by unbiased observers. The scoreboard status of the two groups when com- 
peting against each other was used as a further comparison. 


Limitations 


1. The researcher attempted to compensate for a frank personal bias in 
favor of the method involving a maximum of pupil thinking and decision 
making by: (a) utilizing objective tests and unbiased observers as the means 
of comparing the groups before and after the experiment, and (b) attempting 
to do the best possible teaching when working with both groups (in this 
regard, the past experience of the researcher qualified her for the method in 
which the teacher dominated most of the situation rather than for the method 
involving a maximum of pupil participation). 

2. A systematic equating of the two groups was not possible because of 
the school schedule to which the study had to conform. However, comparative 


1This study was made in partial fulfillment of the requirements for a Master of Arts 
degree, University of Maryland, June 1954, under the direction of Dr. Dorothy Deach and 
Dr. Warren R. Johnson, College of Health, Physical Education, and Recreation. 

2The study was conducted in Washington, D. C., seats the fall semester of 1952, for 16 
class periods over an eight-week period. 
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data on grade level, mental age, basketball knowledge, and sociometric status 
indicated that the two groups were actually comparable. 

3. The school schedule also dictated the time and days when the study 
could be conducted. 


Procedure 

Two seventh-grade physical education classes composed of 37 and 38 girls 
respectively were utilized as the pupil-dominated and teacher-dominated 
groups. The group in which the maximum of pupil participation was en- 
couraged was arbitrarily designated the pupil-dominated grouup. The group 
which was subjected to the more intensive domination by the teacher was 
designated as the teacher-dominated group. 


EQUATING OF GROUPS 

Available data and tests given showed the two groups to be comparable in 
terms of the following: 

1. Grade level. 

2. Chronological age. 

3. Mental age. Upon entering the seventh grade, the students are grouped 
homogeneously by the school in terms of mental age (Quick Scoring Otis 
Test), and are placed in classes according to the test results. The two groups 
in this study were classified as average by the school. The basic data were 
not made available to the researcher. 

4. Basketball Knowledge. Each student was given a short practical test on 
shooting and dribbling a basketball, and asked whether she had played basket- 
ball before, and if so, where and how long. In the pupil-dominated group, one 
student had played a few times in a recreation center. The teacher-dominated 
group had two students who had played a little basketball in a recreation 
center. 

5. Motor Ability. The motor ability test used in this study included the 
Dash, Wall Test, and Jump and Reach (23, pp. 140-148). 


FORMING OF TEAMS 


TABLE 1 
Data Used in Equating the Two Groups 





Motor Ability 


Grade Menta) Basketball Wall Jump and 
Group level Age age knowledge Dash Test Reach 


no previous 
Pupil-dominated| 7th 100-110 | instruction |M = 19.45|M = 11.59/M = 8.92 
yrs. orplay {SD = 1.92)/SD = 2.21/SD=2.68 
Teacher- no previous 
dominated __| 7th 12-13 | 100-110 | instruction |M = 19.46|M = 11.62/M = 8.89 
yrs. orplay |SD = 1.95|SD = 2.26/SD=2.63* 


VEX? 
*The formula used for the standard deviation was: SD = —M? (17, p. 168). 
N 
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Both groups were formed into teams on the basis of findings from McCloy’s 
Classification Index I* (20, p. 46), and the findings from a sociometric test. 


TABLE 2 
Sociometric Test Results 
(Test I) 
Number of Girls 
Pupil-dominated Well-liked Liked Rejected Near-isolated 
iS aes 2 
ten 2 3 
ees 2 
ci ee ee 3 
10 




















Teacher-dominated 
, ae 
J) oe 
ees 
Team 4 

Total . 




















Both facts were taken into account in order to distribute physically com- 
parable subjects equally throughout the teams, and to distribute approximately 
equal numbers of well-liked, liked, rejected, and near-isolated girls on each 
team; this classification was developed as a result of the sociometric test. 


PRE-EXPERIMENT TESTING 


A sociometric test was administered to both groups at the beginning of 
the experiment. The questions asked were: (1) Name five girls in this class 
whom you would most like to have on your team; (2) Name five girls in this 
class whom you would least like to have on your basketball team; (3) Name 
five girls in this class whom you would most like to have as friends, whom 
you would invite to your home; (4) Name five girls in this class whom you 
would least like to have as friends (3, p. 76). 

Information derived from this test was used: (1) as a factor in determining 
the membership of teams, and (2) as a basis for comparison of group status 
of the groups before and after the experiment. As a result of the sociometric 
test results, the girls in both classes were put into four classifications, arbi- 
trarily, as follows: 

plus one sigma and above = well-liked 
the mean to plus one sigma = liked 

the mean to minus one sigma = near-isolated 
minus one sigma and below = rejected 


The standard deviation was found for each of the two criteria in the test, skill 
and friendship, each time the sociometric test was given.‘ 


8The formula used was: 20(age) + 6(height) + weight. 
4The skill question was asked only in order to compare the results with the friendship 
question. 
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TEACHING PROCEDURES 


At the beginning, both groups were taught the rules, fundamental skills, and 
basic tactics of basketball. Neither group was told about the experiment. The 
different teaching techniques were put into effect the seventh class period, at 
which time the two groups were divided into four teams each, with nine girls 
on each team. 

1. The method of instructing the pupil-dominated group. At the seventh 
class period, the pupil-dominated group was put completely on its own. The 
teacher served as consultant, and usually only at the request of the students. 
Each team had to plan its own plays and do its own substituting. Every girl 
playing was responsible for raising her hand when she committed a foul; a 
girl at the sidelines blew a whistle when she saw a hand go up, and the girl 
who had fouled then named the foul and the appropriate penalty. The two 
teams not playing were responsible for the time- and score-keeping jobs; 
those teams were also responsible for having two girls at the sidelines to act as 
“referees” and blow their whistles when they saw a hand raised, to place the 
ball after the foul had been named, and to toss for a tie ball. Also the teams 
not playing were to write down fouls not called or called incorrectly. In the 
post-game evaluations, those fouls missed were discussed.5 

2. The method of instructing the teacher-dominated group. The teacher- 
dominated group was completely under the control of the teacher. The ref- 
ereeing, substituting, planning of plays and coaching were all done by the 
teacher. This group was never left on its own. The two teams not playing 
were told to watch the plays and fouls made, and to see why the fouls were 
committed.® 


FINAL EXPERIMENT TESTING 


1. Evaluation of performance. In order to compare the two groups in the 
quality of performance in competition, they were tested in two ways: 

(a) Four unbiased observers independently rated the pupil-dominated and 
teacher-dominated groups. The observers were not told about the experiment, 
but only instructed to rate each group according to the rating sheet. This 
rating took place during the 15th class period. 

(bj Inter-group game situation. These games were for the purpose of ob- 
serving the quality of performance produced in terms of the scoreboard; that 
is, the pupil-dominated teams played the teacher-dominated teams. These 
games were held after school after the 16th and last class period. 

2. Evaluation of sociometric status. At the end of the experiment, the so- 
ciometric test was again administered to determine whether there had been 
any change in the group status of the groups during the course of the experi- 
ment. 


5After the games had started, the teams not playing, without any suggestion from the 
teacher, decided to see which team could find the most fouls not called during that period. 

6Some of the girls did as they were told, but others played tag or talked and had to be 
constantly called down. 
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Results 
QUALITY OF PERFORMANCE 

1. The unbiased observers. The four observers (three had their National 
constantly called down. 
Rating in basketball, and the fourth was the Junior High School Physical 
Education Supervisor) were each given a rating sheet for each game in the 
two groups. They were instructed to rate each game on a five scale basis; 
each scale was from 0 to 9 (from very poor to excellent). The scales were as 
follows: Scale A—basic skills; Scale B—knowledge of the rules; Scale C— 
performance as a team; Scale D—behavior on the floor; and Scale E—over- 
all rating of quality of performance. 

In order to get a composite rating for each of the two teaching methods, 
the ratings of the two games under each method were combined. 


TABLE 3 
A Summary of the Ratings of the Observers Who Watched Play in Progress 





Rating Scale Pupil-Dominated Teacher-Dominated 





Scale A _. 

Scale B Eso 
|) i ee 
Scale D DSS LT De re MOL Lene os , J 
LS Ee eed Oe RU Seer eae k OD eB OMT 6.1 
Mean = 5.9 











The teacher-dominated group received a higher rating on basic skills, while 
the pupil-dominated group was rated higher in knowledge of the rules, per- 
formance as a team, and over-all quality of performance. 

Some of the comments from the observers were as follows: 

(a) The pupil-dominated group was too “rule conscious.” 

(b) The teacher-dominated group seemed to enjoy the game; while the 
pupil-dominated group appeared too self-conscious. 

(c) The teacher-dominated group appeared to handle the ball better than 
the pupil-dominated group. 

2. Reaction of each group to a different situation. During the 15th class 
period, the pupil-dominated group switched over to the method that the 
teacher-dominated group had used; that is, officials were used in the cus- 
tomary manner (this game was after the rating period). It was found that 
these pupils were able to make the change very quickly and easily. An effort 
was also made to see if the teacher-dominated group could switch over to the 
method that the pupil-dominated group had used. It was found that they were 
unable to make the change, game rules were ignored, and team organization 
soon disappeared entirely. However, it should be pointed out that while the 
non-referee situation was completely new to the teacher-dominated group, the 
pupil-dominated group, though they had been conditioned to a new technique, 
had watched refereed games prior to the experiment, so the experience of 
working with a referee could not be considered as completely unfamiliar to 


them. 
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3. Inter-group competition score results. The pupil-dominated group teams 
played the teacher-dominated group teams for a scoreboard criterion of skill 
with the following results: the pupil-dominated group won three games out of 
four with a sum total of 31 points; while the teacher-dominated group won 
one game out of four with a sum total of 16 points. 


SOCIOMETRIC STATUS RESULTS 


The ISI and GCS formulas were used as one of the methods in analyzing the 
sociometric data (6, p. 96). The Individual Status Index derives an over-all 
status rating for each person in a group; while the Group Cohesion Score is 
an over-all status rating for the group as a whole. The formulas are:? 

TC — TR TC — TR 
ISI = —————_; GCS = ———_—__. 
N—1 N (N— 1) 


l. GCS results. 


TABLE 4 
Results of the Sociometric Status Before the Experimental Basketball Unit (Test 1) in 
Comparison with Status After the Basketball Unit (Test 2) 


Friendship Criterion 
Pupil-Dominated Group | Teacher-Dominated Group 
Test 1 Test 2 Test 1 | Test 2 
Gcs Mean of GCs | Mean of Gcs | —— GCs Mean of 














Results GCs Results GCs Results Results Gcs 
08 | 2.76 09 3.16 ll | 398 | 3.84 


| 
Skill Criterion 
Pupil-Dominated Group | Teacher-Dominated Group 
Test 1 | Test 2 Test 1 | Test 2 
Gcs Mean of | Gcs Mean of Gcs Mean of GCs Mean of 
Results GCS Results Gcs Results GCs Results _ GCS 


0 | 189 | 08 2.81 10 3.82 09 3.47 



































Summary of GCS results. According to Table 4, in the friendship criterion, 
the pupil-dominated group showed an increase of one degree in the group 
feeling; while the teacher-dominated group showed a decrease of one degree. 
In both groups, the change of one degree was not significant. 

The skill criterion, though it was tested only for a comparison of results 
with the friendship criterion, showed an increase of three degrees in the group 
feeling of the pupil-dominated group; while the teacher-dominated group 
showed a decrease of one degree. 

2. ISI results.* The ISI results were put on bar graphs, which showed the 
number of girls in each group at the beginning and end of the experiment in 


7TC = Total choices; TR == Total rejections; N = Number of persons in the group. 

8It was apparent from the structure of the sociograms that the two groups had under- 
gone changes only in relation to the individuals near the peripheral of the sociograms. 
Therefore, the only significant changes occurred to the individuals in the near-isolated 
classification, so statistical treatment did not seem appropriate. 
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each of the four classifications (well-liked, liked, near-isolated, and rejected). 
Since the results are the same as on the sociograms, they will not be mentioned 
here. 

3. Sociograms. The sociograms were constructed in circular patterns, in 
order to portray the group status of the pupil-dominated and teacher-domi- 
nated groups at the beginning and end of the experimental period. At the end 
of the experimental period, the following results were obtained from both 
groups: 


TABLE 5 


Number of Girls in Each of the Four Classifications at the Beginning and End of the 
Experimental Period 











Classifications Pupil-Dominated |I—, Teacher-Dominated 
Test 1 Test 2 Test 1 Test 2 

Well-liked Be at aa 10 it | 8 6 
i Ca Bi og Ae ee 6 13 16 12 
Nearissiated 14 7 11 19 
I es es 7 6 | 3 1 
Total _ ee 37 37 | 38 38 





Summary of sociograms. Inspection of the sociograms showed that in the 
pupil-dominated group, the near-isolated group had made a movement towards 
the center of the circle or liked group. On the other hand, the teacher-domi- 
nated group showed that there was a gathering towards the near-isolated 
group, or next to the outer circle. The well-liked and rejected groups had only 
one and two changes in both groups. 


Conclusions 


Within the limitations of this study, there seem to be certain advantages in 
the pupil-dominated approach, both in terms of team performance and in 
terms of individual changes in the sociometric structure. 

1. The pupil-dominated technique appeared to be more effective than the 
teacher-dominated technique in improving the status of the near-isolated girls. 

2. While the teacher-dominated group exhibited better command of the 
basic skills, as rated by unbiased observers, the pupil-dominated group 
showed greater knowledge of the rules, performed better as a team, and won 
three games out of four played against their teacher-dominated group op- 
ponents. 
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Notes & Comments 


Evaluation of Physical Education 
in North Carolina High Schools 


NATHAN TAYLOR DODSON 
State Department of Public Instruction 
Raleigh, North Carolina 


THE HEALTH AND Physical Education Score Card No. II, developed by a committee on 
curriculum research of the College Physical Education Association, was used to score 135 
North Carolina high schools as part of a recent national survey of physical education. 
The schools were selected by a stratified, proportional random sample technique and were 
visited and scored by a trained observer after conferences with both principals and physi- 
cal education teachers. 

Total scores made by North Carolina schools ranged from 32-201, with a mean of 91.38. 
The median score was 76 points. Analysis of the relationship between total score and 
various factors such as geographical area of the state, school size, town size, and accredita- 
tion by the Southern Association of Colleges and Secondary Schools revealed that total 
score did not vary significantly from one section of the state to another. The other factors 
of accreditation, school size, and town size were all significantly related in the order men- 
tioned to both area score and total score. This order of relationship was confirmed by 
the three statistical techniques, correlation, causal analysis, and ratio of means, which 
were used in the study. 

The total score median of 76 made by North Carolina schools corresponded exactly with 
the national median based on preliminary returns from 17 states. This score represents 
less than 30 per cent of the total score possible. 

Mean area scores by rank order were found to be Area IX, Organization and Adminis- 
tration of Class Programs, 13.57; Area VII, Medical Examinations and Health Service, 
13.04; Area II, Outdoor Areas, 11.97; Area X, Administration of Intramural and Inter- 
scholastic Athletic, 10.95; Area III, Indoor Areas, 10.08; Area I, Program of Activities, 
9.59; Area VI, Suplies and Equipment, 8.67; Area IV, Locker and Shower Areas, 8.41; 
Area VIII, Modified-Individual (corrective) Activities, 2.50; Area V, Swimming Pools, .97. 
It may be readily seen that Area V, Swimming Pool, is non-existent in North Carolina. 
Area VIII Corrective Activities, was not much better. These two areas of the score card 
have the same rank nationally, however, 

The first place position of Area IX, Administration of the Class Program, is found also 
in the national average of 13.62 as compared to North Carolina’s 13.57. Area X, In- 
tramural and Interschool Athletics, ranked second nationally with a mean of 13.14 and 
fourth in North Carolina with a mean of 10.95, 

It is to Area VII, Medical Examination and Health Service, that North Carolina can 
point with a little pride. Ranking second in North Carolina with a mean of 13.04, it 
ranks fourth nationally with a mean of 10.98. This favorable position can, no doubt, be 
attributed substantially to the expenditure of $550,000.00 annually for school health 
services. 

Some of the items contained under Area VII include full, part-time, or volunteer service 
of a physician for medical examining, advisory, and emergency service; service of a 
trained nurse; a comprehensive medical examination by a physician; no participation in 
strenuous class or athletic activity without a satisfactory medical examination; and a 
permanent, continuous, progressive health record for each child as a basis for advice ~ 
and follow-up health service. Other items under this area of Health Service cover 
classification for physical education on the basis of the medical examination; assignment 
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to rest or to restricted or individual activity approved by physician and physcial educa- 
tion teacher; health inspection of students returning to school following serious illness; 
health examination of teacher applicants; and non-medical teachers or school officers not 
being permitted to diagnose or treat health disorders. 

Examination of score card items in terms of the person responsible for initiating change 
revealed that 11 items were the teacher’s sole responsibiilty, 43 items were joint 
responsibility, and 46 were administrative responsibility. Analysis of relative effectiveness 
of personnel revealed that teachers were 26.7 per cent effective on their 11 items, those 
items of joint responsibility were achieved 29.5 per cent effectively, and the administrator 
was 30.5 per cent effective. These data point up the basic need of more active teachers 
where their own and joint responsibility are concerned. 


TABLE 1 
Health and Physical Education Item Priority List for North Carolina 





Item Mean Responsibility * 
Course of study on file -289 
...|Laundry of uniforms and towels .370 
.../Sanitation of showers 422 
....|[nstructor’s office AT4 
....|Lock protection 474 
.-..|Broad program 504 
.|'Towels furnished 541 
.|Health instruction yearly 7548 
..|Court areas marked .570 
.—|Students wear uniform .585 
.-./Girls coached by women 585 
«-/Play area lighted .630 
....|Individual sports equipment .630 
..../Sports days with carryover 
»-.|Faculty rest rooms 
...., Hot water and soap 
Piano or record player 
Faculty recreation encouraged 
jondides Equipment office provided 
..... Adequate shower space 
.|Supplies used by community 
....|Modified activity temporarily 
.|Individual lockers 
. Jumping pits 
...|\Woman teacher for girls 
...-|Toilet facilities 
.....Adequate locker space 
..../(Comprehensive testing program 
..../.Noon hour activity 
..../reachers active professionally 
..... Assignment to individual activity 
....|Daily participation by all 
./Supervision of locker area 
Intramural program 





wH 
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Table 1 shows the 34 items that were judged to have the most potential for improving 
the total score of North Carolina schools on the health and physical education score card. 
These items ranked low by mean item score, but were effective in discriminating between 
high and low scoring schools, Five of these items are the teacher’s responsibility, 13 are 
the administrators, and 16 are joint responsibilities. Many of the administrator items are 
related to facilities and will be corrected only by new buildings or modifications of exist- 
ing ones. : 

High ranking items were, for the most part, those required by state regulation. 
Schools in general did not allow substitution of other activity for physical education. 
Coaches and physical education teachers were certificated to teach in the state and had 
had training or experience in physical education. Low-ranking items were those in the 
areas of aquatics and correctives. Programs were limited in scope, being confined 
mostly to a few team games. Carry-over sports are lacking. Many girls classes were 
taught by men and most girls teams were coached by men. 
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COMMENTS 


Observations Regarding Elvera Skubic’s Study, ‘‘Emotional Responses of Boys to 
Little League and Middle League Competitive Baseball,’ Research Quarterly, 26: 
342-352 (Oct. 1955). 


MY INTENTION in these observations is to point up the necessity for readers to in- 
terpret with great caution all studies related to such highly complex and poorly under- 
stood subjects as personality and emotion. Dr. Skubic’s study is not under attack. 

Elvera Skubic compared certain emotional reactions of boys in league competition with 
those of boys competing in physical education classes, Within its stated limitations this 
was a very worthwhile piece of research and should be followed by others of a similar 
nature. But many people are referring to it as proof that league play is no more emo- 
tionally disturbing than class play. 

Actually, she did not prove this at all—as, indeed, she took pains to indicate. She 
merely showed that the one group did not have a significantly greater change in one 
physiological indicator of emotional disturbance—the galvanic skin response—than the 
other. Other equally respectable physiological indicators could and may very well have 
shown something quite different. Moreover, the measured emotional arousal may have had 
entirely different meanings for the two groups, since the galvanic skin response indicates 
only that there was or was not a change in skin conductivity but gives no hint of the 
psychological significance lying behind it. 

There is also the unexplored consideration that the human organism is better able to 
tolerate intense emotional upset for a short time than relatively mild upset over a long 
period of time. Thus, psychosomatic disorders are bodily failures or symptom reactions 
in the face of prolonged—not short-term—emotional stress. 

And finally, it is well known that any emotionally traumatic effects arising from an 
experience may not manifest for a considerable period of time. In other words, intensity 
of reaction may not be the critical factor at all. 

Emotion study is just getting started in this field. A lot more work will have to be 
done before we can say much about the effects of sports competition upon the emotions. 

--Warren R. Johnson, University of Maryland. 
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Education 


18. Grorce, CLay E. and A. J. Kincston. The stability of test scores of college fresh- 
men. J. Educ. Psych., 46: 4, pp. 243-246 (April 1955). 

Entering freshmen of a Southern college were administered the Occupational Interest 
Inventory and a randomly selected group were readministered the inventory. It was found 
that interest patterns of certain male freshmen had changed radically in less than two 
months of college work. There were also a very large number of marked individual 
changes in both profile shape and subtest levels. The instability of the instrument neces- 
sitates judicious interpretation —D. B. Van Dalen. 


19. Gowan, J. C., and May Gowan. A teacher prognosis scale for M.M.P.I. J. Educ. 
Res., 49: 1 (Sept. 1955). 

Designed to predict teaching success, a new scale for the Minnesota Multiphasic In- 
ventory (M.M.P.I.) was devised by means of an item analysis based on four separate 
criteria. Three groups made up of teaching candidates and one of experienced teachers 
were used. The reliability of the scale is about .90. Evidence of validity is presented 
in three studies. Preliminary studies and intercorrelations with other measures of 
personality suggest the nature of the scale—Edna Willis. 


20. Jounson, GrANvILLE B., Jn. An evaluation instrument for the analysis of teacher 
effectiveness. J. Exper. Educ., 23: 1, pp. 331-344 (June 1955). 


Thirteen volunteer teachers (9 men and 4 women) served as subjects. It was found 
that observation appears to be a valuable tool for the estimation of teacher effectiveness 
and the Projective Technique for the Analysis of Teacher Aptitude predicted the signifi- 
cant aspects of teaching effectiveness. Age was not a significant factor itself but certain 
residual features were. The Rorschach added little to the accuracy of prediction of 
teaching success.—D. B. Van Dalen. 


21. Mappinc, Rosert A., High school athletic administrative problems, Athletic Journal, 
15: 30, 32, 64-67 (May 1955). 

A questionnaire survey of 150 Wisconsin high schools (92% return) in regard to cur- 
rent athletic administrative problems. Current practices discussed were in the areas of 
physical examinations, eligibility procedures, contracting for games, contracting for offi- 
cials, athletic policies and control, athletic contest management, safety and sanitation, 
equipment, athletic banquets, and athletic awards.—J. Grove Wolf. 


22. Rarick, LAwrENCE, Maturity indicators and the development of strength and skill. 
Education, 75: 69-73 (1954). 


No single maturity indicator is a valid instrument of the maturity level of a child. 
While research on the development of certain strengths and skills during adolescence 
has received attention, only recently have data been accumulated on younger children 
which offer a basis for interpreting developmental differences. Research evidence is not 
available on differential acquisition of motor skills. If the developmental needs of chil- 
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dren in the realm of these skills are to be met, adequate time and competent instruction 
must be provided during the time these skills are maturing. The author discusses more 
than a dozen research studies pertinent to this area.—Psychological Abstracts. 


23. Scuuttz, Raymonp E., and Merte M. Outsen. Interest patterns of best and poorest 
student teachers, J. Educ. Soc., 29: 108-12 (Nov. 1955). 


Student teachers at the University of Illinois were rated by their supervisors, and 
the best 15% and the poorest 15% (100 in all) were used as subjects for this study. 
The Strong Vocational Interest Blank was administered to the subjects and the chi- 
square test used to identify significant differences in responses between the two groups. 
The best student group showed a strong interest in working with people, selecting 
occupations involving teaching, and pursuing intellectual interests. The poorest student 
group tended to avoid occupations related to teaching and considered salary most 
important in selecting occupations. The sample was considered too small to make a con- 
clusive evaluation of the Strong’s ability to predict teaching success.—Bruce L. Bennett. 


24, Symonps, PercivaL M. Characteristics of the effective teacher based on pupil 
evaluations. J, Exper. Educ., 23: 1, pp. 289-310 (June 1955). 

Investigator had pupils react to seven questions on teacher effectiveness. Pupil rankings 
agreed with each other with correlations ranging from 70’s to low 90’s. Pupil rankings 
correlated with principal ratings in the 60’s for principal ratings of teacher discipline, in 
the 70’s for teacher relationship with pupils, and in the 40’s for teacher ability to secure 
pupil achievement. The investigator found that superior teachers were well integrated and 
possessed good personality organization. Superior teachers also were personally secure 
self-assured, and liked children. Inferior teacher characteristics tended toward the 
opposite extreme for the above ratings—D. B. Van Dalen. 


25. WiLiarp, Rutu. A study of the relationship between the valued-behavior of selected 
teachers and the learning experiences provided in their classrooms. J. Educ. Res., 
49: 1 (Sept. 1955). 

The purpose of this study was to determine the relationship between the values 
teachers had as indicated by their choices of valued courses of classroom action and the 
types of learning experiences provided under their guidance in the classroom. Fifty- 
three teachers in elementary schools were the subjects. Some of the tentative conclusions 
are as follows: valued-behaviors chosen by teachers were related to their choices of class- 
room activities; teachers selecting all positive-value choices were reported to provide 
more individual experiences, more patterns of experiences, and a greater percentage of 
the total experiences than did teachers selecting any other value pattern— Edna Willis. 


Health 


26. Brinc, SHIRLEY VircINIA, ET AL. Nutritional status of school children 15 and 16 
years of age in three Idaho communities; blood biochemical tests. J. Nutrition, 57: 
1 (Sept. 1955). 

Biochemical determinations were made on fasting blood samples from 280 school 
children 15 and 16 years of age reared in three Idaho communities. The adolescents 
studied in the northern community had mean serum carotene and copper values signifi- 
cantly lower than those studied in the two southwestern communities. The mean values 
for the girls were significantly higher than for the boys for ascorbic acid, free cholesterol, 
copper, and sedimentation rate. The mean values for the boys were significantly higher 
than the girls for alkaline phosphatase, hemoglobin, and packed cell volume. The 
subjects aged 15 years had serum alkaline phosphatase values significantly higher than 
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the older children. The blood values of the girls and boys are compared to suggested 
limits of normal. Highly significant positive correlations were found for both girls 
and boys between the following comparisons of whole blood and total cholesterol; 
carotene and ascorbic acid; carotene and free cholesterol; carotene and total cholesterol; 
free and total riboflavin; free and total cholesterol; copper and sedimentation rate; 
hemoglobin and packed cell volume. In many of the other comparisons between blood 
constituents, only the data of the boys showed highly significant correlations.—Wistar 
Institute. 


27. Nanpa, Ram Sarup. The distribution pattern of dental caries. Human Biology, 27: 
3, pp. 211-229 (Sept. 1955). 

Clinical examinations were made of the permanent dentition of 140 white females 
between the ages of 18 and 21 years. This group represented the middle-class population 
both socially and economically. Data revealed that a tendency toward specific regional 
distribution of lesions exists. The first molars constituted the bulk of the extracted teeth 
with manibular first molars more often extracted than maxillary first molars. The 
origin of proximal dental carries in the distal surface of a second premolar or the mesial 
surface of a first molar in either arch. The subsequent spread of lesions is determined 
by individual susceptibility of each tooth and proximal surface, and usually follows a 
characteristic tautologous pattern. The last proximal surfaces to succumb are, ordinarily, 
the mesial surfaces of the maxillary first premolar and the mesial surfaces of the 
mandibular central and lateral incisors. No relationship was found between the length 


of time a tooth has been in the oral cavity and its susceptibility to dental carries.—D. B. 
Van Dalen. 


28. Nationat Dairy Councit. Weight control programs: diet and physical activity. 
Dairy Council Digests, 27: 2 (Nov. 1955). 

Numerous food combinations and restrictions with respect to foods have been recom- 
mended in weight reduction and control programs sponsored across the country by 
business, professional, and lay individuals and groups. So long as such diets provide 
fewer calories each day than an individual needs, and water is not retained, weight will 
be lost in proportion to the calorie. deficit achieved. However, lack of success with many 
of these diets makes it obvious that level of calorie intake is only one measure of a 
satisfactory diet. To be effective on a long-term basis, weight control diets should: (1) 
permit loss of stored fat, where loss is desirable, without damage to body structures; 
(2) permit maintenance of desired body weight after loss by simple additions to the 
reduction diet; (3) serve as a basic pattern of eating which might be followed the rest 
of an individual’s life; (4) be planned to preserve and train the appetite; (5) provide 
foods acceptable to the individual and with “staying” qualities to prevent hunger; (6) 
be varied, interesting and not monotonous; (7) permit eating with others as an inoffen- 
sive member of the group; and (8) allow pursuit of normal activities without undue 
fatigue or hunger. The diet which has come closest to meeting these criteria is a basic 
diet of 90 grams protein, 90 grams of fat, and enough carbohydrate to bring the total 
energy value of the diet to 1,500 calories per day. 

The caloric expenditure of physical activity must not be overlooked in weight control 
programs for this is the outstanding factor causing variability in the caloric needs of 
individuals. The truly sedentary person may have a caloric requirement of as little as 1.2 
times his basal metabolism. The person doing extremely heavy work may have a caloric 
requirement of as much as 4 times his basal metabolism.—Paul Hunsicker. 


29. Rarcurr, J. D. “Our busy bones,” Today’s Health, 33: 32-33, 48, 50-51 (Nov. 1955). 

Your bones are among the busiest organs in the body. They are thriving manufacturing 
plants that oerate 24 hours a day making red blood cells. These red cells age slowly 
during their 100-day lives and each minute about 180 million of them die. It takes six to 
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eight weeks for the marrow to restore the red blood cells after a pint of blood has been 
removed from a healthy person, for a transfusion. Bones also have a major responsibility 
for producing the white blood cells which fight off infection. Bones act as one of the 
body’s storehouses for reserve nourishment. They also act as busy “swap-shops” for 
minerals, containing nearly all the body’s vital calcium ‘and phosphorus. Miracles have 
been accomplished in the treatment of fractures, curvature of the spine, bone tumors, 
and the like, with the expectancy of much more to be accomplished in the future.—J. 
Grove Wolf. 


30. SoeHREN, Irene. “Diabetes,” Today’s Health, 33: 24-29 (Nov. 1955). 


Diabetes is on the increase. Every ten minutes someone in the United States becomes 
a diabetic. A million Americans know they have the disease, and another million have 
it without knowing it. The usual symptoms are increase in thirst, constant hunger, fre- 
quent urination, loss of weight, itching, easy tiring, changes in vision and slow-healing 
cuts and scratches. Uncontrolled diabetes may lead to eye trouble, kidney disease, 
arteriosclerosis, and gangrene. Diabetes is not a crippling or disfiguring disease. It is 
not painful. It is controllable. Successful treatment is dependent on insulin, exercise, 
and diet.—J. Grove Wolf. 


Psychology 


31. Castanepa, A., and D. PALErmo, Psychomotor performance is a function of amount 
of training and stress. J. Exp. Psych., 50: 3 (Sept. 1955). 


Two groups of 27 subjects were given 25 training trials on a preliminary task; two 
groups, 50 trials. All four groups were given 50 re-learning trials in which three of the 
stimulus and response elements had to be repaired while two were left unchanged. One 
group from each of the two training groups relearned under stress. 

“Stress was found to increase significantly the number of errors to the changed S-R 
pairs, with this increase being more pronounced with increased training on these pairs. 
A tendency, though unreliable, was found for stress to decrease the number of errors 
to the unchanged pairs.” It was concluded that for prediction regarding the effects of 
the drive level on performance, it is necessary to know the strength of the specific habits 
involved and to know whether the dominant habit is correct or incorrect—Edna Willis. 


32. Craic, Evcene A. Perceptual-motor task achievement under two conditions of 
stimulus display, J. Gen. Psych. 53: 281-5 (Oct. 1955). 

The purpose of this study was to investigate the maximum rate at which a relatively 
simple perceptual motor task could be performed and to find performance limits for 
the task under two conditions of display. The task was to contact a target with a hand- 
held stylus. In Condition I, all targets were exposed during the trial, and under Condi- 
tion II each target was only exposed for 2.5 seconds. Results for the eight subjects 
indicated that two responses a second were accomplished with little error under either 
condition, but three responses a second was a real achievement limit. Generally higher 
mean scores were obtained under Condition II which forced the subject to make target 
reactions within a time limit. Perhaps Condition II stimulated a degree of anxiety in the 
subjects which improved performance as suggested in the study by Matarazzo, et al (same 
Journal, July 1955).—Bruce L. Bennett. 


33. Grpson, ELEANOR, R. BERGMAN, and Jean Purpy. The effects of prior training with 
a scale of distance on absolute and relative judgments of distance over ground. 
J. Exp. Psych., 50: 2 (Aug. 1955). 

Two experiments were conducted; one to determine the effect of training on absolute 
judgments of distance, in yards; and the second to determine the effect of training on 
“relative (nearer-farther)” judgment of distance to variable targets. In the first case, it 
was found that the subjects who received pre-training are superior to the controls; and, 
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in the second case, that “sensitivity of the psychophysical relationship is apparently not 
increased by training, although the yard-responses become more accurately tied to it— 
Edna Willis. 


34. Frencu, Evizasetu. Some characteristics of achievement motivation. J. Exp. Psych. 
50: 4 (Oct. 1955). 


An independent measure of motivation and a performance test were given 90 male 
subjects under three different verbally created conditions of achievement motivation, 
relaxed, task motivated, and extrinsically motivated. 

It was found that (1) an increase in achievement motivation was a function of both 
previous motivation level and experimental conditions; (2) performance scores were more 
closely related to motivation scores than to the experimental conditions; (3) pexiormance 
scores in one situation tended to be most closely related to motivation scores in another 
when the situations presented similar motivation cues; (4) when affiliation cues were 
more prominent in the situation than were achievement cues, performance was related to 
affiliation motivation scores rather than to achievement motivation scores.—Edna Willis. 


35. Hemper, WALTER E., Jr., and Epwin A. FietsHMAN, A factor analysis of physical 
proficiency and manipulative skill. J. of Applied Psychology, 39: 1 (Feb. 1955). 

A battery of 46 tests was administered to 400 basic trainee airmen. The tests fell into 
three general categories: (a) 23 gross physical performance tests; (b) 17 manipulative 
apparatus tests; and (c) 6 printed tests. The tests were scored on a pass-fail basis, the 
cutoff point being determined from pretest results such that approximately 50% of the 
subjects would pass the test. The centroid method was used to factor the matrix of 
tetrachoric correlations. Zimmerman’s graphical method was used to rotate orthogonally 
the axes. 

Seventeen factors were extracted, two of which are considered residual factors. One 
additional factor, classified as a doublet with “questionable psychological significance,” 
was not identified. Fourteen of the factors were identified as: Aiming, Limb Strength, 
Gross Body Co-ordination, Equilibrium Balance, Energy Mobilization, Trunk Strength, 
Reasoning, Leg Suppleness or Flexibility, Arm-Hand Steadiness, Trunk Flexibility, Man- 
ual Dexterity, Performance of Dynamic Balance, Finger Dexterity, and Jump Perform- 
ance. Conclusions claimed that abilities responsible for the performance on the gross 
physical tests are independent of the abilities responsible for the performance on the 
manipulative tests. The nine factors of a gross physical nature were categorized into: (a) 
strength—limb and trunk, (b) flexibility—legs and trunk, (c) balance—static and dy- 
namic, (d) gross body coordination, (e) energy mobilization. The four manipulative 
tests (manual dexterity, finger dexterity, arm-hand steadiness, and aiming) have been 
identified in other studies—Frances Z. Cumbee. 


36. Hotiincsueap, A. B. Social mobility and mental illness. Am. J. Psychiatry, 112: 
3 (Sept. 1955). 


To test the hypothesis that social mobility is related to psychoneuroses and schizo- 
phrenia, 25 psychoneurotics, 25 schizophrenics, and 25 control subjects were studied. It 
was found that the psychoneurotics and schizophrenics are more mobile than the control 
subjects, and that there is a discrepancy between achieved and aspired mobility in 
the case of the psychiatric patients—Edna Villis. 


37. Matarazzo, Josrpn D., Georce A. Utert, and Georce SasLow. Human maze per- 
formance as a function of increasing levels of anxiety, J. Gen. Psych., 53: 79-95 

(July 1955). 
This study was designed to check the hypothesis that anxiety, as an acquired drive, 
would facilitate learning up to a point, but beyond this level increased anxiety would 
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hinder learning. One hundred and one male subjects were given the Taylor Manifest 
Anxiety Scale and classified into seven groups (later reduced to four) on a scale of 
increasing anxiety level. Two measures of learning a stylus maze were used: (a) time, 
and (b) trials to reach a criterion. When time was the measure of learning, a curvilinear 
relationship was found which supported the hypothesis. The data on trials showed a rec- 
tilinear relationship. The authors feel that the Taylor scale is a reliable though crude 
way of measuring anxiety but that it needs to be validated against psychiatric rating 
on anxiety.—Bruce L. Bennett. 
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